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PREFACE 


This collection of problems 1s based on the International System 
of Units preferred today in all the fields of science, engineering 
and economy. 

Other units can be converted to SI units with the aid of the 
relevant tables given in this book. 

Each section is preceded by a brief introduction describing the 
fundamental laws and formulas which are used to solve the pro- 
blems. The solutions to the problems and the reference data are 
appended at the end of the book. 


Printed in the Union of Soviet Socialist Republics 
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INTRODUCTION 


1. International System of Units (SI) 


Various physical quantities are interrelated by equations which ex- 
press the relation between them. For example, the acceleration a im- 
parted to a body with the mass m is related to the force F acting upon 
this body by the equation 


F=kma (1) 


where k is a factor depending on the units in which F, m and a are mea- 
sured. If the units of mass and acceleration are known, the unit of force 
can be so selected that the factor & in equation (1) is equal to unity, 
and thus 

F=ma 


With this aim, the unit of force should be the force which imparts 
a unit of acceleration to a unit of mass. 

By treating any newly introduced quantity in the same manner, 
its unit of measurement can be found from the formula which determin- 
es this quantity; thus a system of derived units can be obtained. 

Various systems differ from each other by the units taken as the basic 
ones. 

This book is based on the International System of Units (SI) adopted 
by the Eleventh General Conference on Weights and Measures in 1960. 
The USSR State Standard GOST 9867-61 defines the SI system as the 
one preferable in all the fields of science, engineering and the national 
economy, and also in schools and colleges of the USSR. 

The International System of Units (SI) is divided into several inde- 
pendent systems for various fields of measurement, as follows: 

l. System of mechanical units (GOST 7664-61). 

2. System of thermal units (GOST 8550-61). 

3. System of electrical and magnetic units (GOST 8033-56). 

4. System of acoustic units (GOST 8849-58). 

5. System of light units (GOST 7932-56). 

6. System of radioactivity and ionizing radiation units (GOST 
8848-63). 
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The basic SI mechanical units are the metre (m), kilogramme-mass 
(kg) and second (s). Added to these for various fields of measurement are 
the following basic units: the degree Kelvin for thermal measurements, 
the ampere for electrical measurements and the candela for luminous 
intensity. 

The SI system also includes two supplementary units—for a plane 
angle and a solid angle. 

The basic and supplementary SI units are given in Table 1. 


TABLE 1 


Quantity Unit Symbol 


Basic Units 





Length metre m 
Mass kilogramme kg 
Time second s 
Electric current ampere A 
Thermodynamis tempera- | degree Kelvin °K 
ure 
Luminous intensity candela cd 
Supplementary Units 
Plane angle radian rad 
Solid angle steradian | sr 


Table 2 gives the prefixes used to form multiples and fractions of 
SI units. 





TABLE 2 
Prefix | Numerica] | Symbol | Prefix Numerical | Symbol 
Atto 10-18 a Deci 10-! d 
Femto 10-15 f Deca 101 da 
Pico 10-12 p Hecto 102 h 
Nano 10-9 n Kilo 103 k 
Micro 10-8 u Mega 108 M 
Milli 10-3 m Giga 109 G 
Centi 10-2 c Tera 1012 T 





These prefixes in Table 2 may be attached only to simple quantities 
(metre, gramme, etc.) and never to such as “kilogramme”, which ál- 
ready contains the prefix “kilo”. For the same reason, the unit of mass 
m=10" kg=101* g, for example, should be called “teragramme” (Tg). 
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The term “megaton” sometimes applied to this mass is wrong. The 
unit of length 1=10-* m is generally called a “micron”, but the more 
proper name would be “micrometre” (um). 

The derived SI units are formed from the basic ones as described 
above. The relationship between the derived and basic units can be 
found from dimension formulas. 

If the basic quantities are designated by / for length, m for mass, 
tfor time, / for electric current, 6 for temperature and J for luminous 
intensity, the dimension formula of a certain quantity x may be written 
in SI units as follows: 


[x] = lembt Je 


To find the dimension of x, we must determine the exponents a, 
B, y, ô, p and p. These exponents may be positive or negative, integers 
or fractions. 

Example 1. Find the dimension of work. Proceeding from the relation 
W=FIl, we obtain [W]=/*mt”?. 

Example 2. Find the dimension of specific heat. Since c= oe and 
[Ql=[W], we get [c]=/2t- 267}. 

If the dimension of a physical quantity is known in the SI system, 
it is easy to find the dimension of its unit in this system. Thus, the 
unit of work obviously has the dimension m*kgs”? and the unit of 
specific heat—m’s *deg™}, etc. 

Tables of derived SI units are given in the respective sections of the 
book: mechanical units in Chapter 1, thermal units in Chapter 2, 
electrical and magnetic units in Chapter 3, etc. The same chapters 
also contain tables which establish the relationship between the SI 
and other units, including non-system ones. 


2. Methods of Solving Problems 


When solving a problem, first of all establish the physical laws 
which it is based on. Then use the formulas expressing these laws to 
solve the problem in symbols, and finally substitute the numerical 
data in one system of units. Besides the International System of 
Units, other systems and non-system units are widely used in practice 
and literature. For this reason the numerical data are not always given 
in SI units. The relationships between the SI units, units of other sys- 
tems and non-system units are given in tables at the beginning of each 
chapter. To solve a problem in SI units, all the initial data or data ta- 
ken from reference tables should be converted into SI units. The ans- 
wer, naturally, will also be in these units. 

Sometimes it is not necessary to express all the data in one system. 
For example, if a quantity is a factor of both the numerator and the 
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denominator, this quantity may obviously be expressed in any units 
provided they are the same (see Example 2 on p. 17). 

When a numerical answer is obtained, pay attention to the accuracy 
of the finat result, which should never exceed the accuracy of the initi- 
al data. Most of the problems may be solved with slide-rule accuracy. 
In some cases tables of four-place logarithms should be used. 

As soon as the numerical data are substituted for the symbols, 
write the dimension of the answer. 

If a graph or a diagram is required for solution, select the proper 
scale and origin of the coordinates, and mark the scale on the graph. 
The graphs in the answers to some problems are given without a scale, 
i. e., they show only the qualitative nature of the relationship being 
sought. 
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Chapter 1 
PHYSICAL FUNDAMENTALS OF MECHANICS 


MECHANICAL UNITS 


The International System of Units incorporates the MKS system in- 
tended for measuring mechanical quantities (GOST 7664-61). The basic 
units in the MKS system are the metre (m), kilogramme (kg) and se- 
cond (s). 

As indicated above, the derived units of this system are formed 
from the basic units using the relationship between the relevant phy- 
sical quantities. For example, the unit of velocity can be determined 
from the relation 
Al 
At 
Since the unit of length is the metre and that of time the second, the 
unit of velocity in the MKS system will be | m/s. Obviously, the unit 
of acceleration is 1 m/s?. 

Let us establish the unit of force. According to Newton's second law 


F=ma 
The unit of mass is 1 kg and the unit of acceleration 1 m/s?. Therefore, 
the unit of force in the MKS system should be the force which imparts 
an acceleration of | m/s* to a body with a mass of 1 kg. This unit of 
force is known as the newton (N): 
1 N=1 kg-l m/s? 

Let us now discuss the relation between the weight and mass of a 
body. The weight G of a body is the force with which this body is at- 
tracted by the Earth, i.e., the force which imparts an acceleration of 
g=9.81 m/s? to the body. Thus, 

G=mg 


As any other force in the MKS system, the weight of a body must be 
measured in newtons. Sometimes it is measured in kilogrammes 


U= 
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But it should always be borne in mind that the unit of weight 
(kilogramme) is not a unit of the MKS system. To prevent confusion, 
different syrnbols will be used for these two utterly different physical 
quantities: a kilogramme of mass will be denoted kg, and one of weight 
(force) —kgf. Let us find the relation between a kilogramme of weight 
and a newton. A weight of 1 kgf is defined as the weight of a body whose 
mass is equal to 1 kg, i.e., 


1 kgf=1 kg-9.81 m/s? 
On the other hand 


1 N=] kg-1 m/s? 
Therefore 
1 kgf=9.81 N 


The definition of a kilogramme of weight shows that the numerical 
value of the weight of a body expressed in kgf is equal to the mass of 
this body inkg. For example, if the mass of a body is 2 kg, its weight 
is 2 kgf. The weight of a body in kilogrammes must be converted into 
newtons. 

Example. The mass of a body is 4 kg. Find the weight of the body in 
kgf and in newtons. 

Answer: G=4 kgf (not in the MKS system) and G=4 x 9.81 N 
(in the MKS system). 

The unit of work is determined from the relation 


W=FI 


The unit of work is obviously the work performed by a force of 1 N 
over a distance of 1 metre. This unit of work is known as the joule (J): 


1J=1N-.1 m 


Power is determined by the formula 


w 
P==+ 


Therefore the unit of power in the MKS system is the power of a me- 
chanism which performs work of 1 J per second. This unit is known as 
the watt (W). 

The same method can be used to determine the derived unit of any 
physical quantity in the MKS system. 

Table 3 gives the basic and the most important derived units for mea- 
ly mechanical quantities in the MKS system according to GOST 

-61. 

Table 4 contains the relationships between certain mechanical SI 
units, and units of other systems and non-system units permitted by 
GOST 7664-61. \ 
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TABLE 3 
Quantity and symbol Formula Unit Symbol of | Pr 
Basic units 
Length / — metre m t 
Mass m —- kilogramme | kg m 
Time ¢ — second s t 
Derived units 
Area Á A=( square metre mi B 
Volume V v=. cubic metre mê B 
Frequency v v= + hertz Hz ¿1 
A ; Aq : 
ngular velocity w o= radian per second rad/s ci 
: 2 -2 
Angular acceleration a|a = 5o racian pet second per| rad/s f 
Linear velocity v v =5 metre per second m/s it~! 
: Au metre per second per| m/s? it~3 
Linear acceleration a |a = a second 
i a kilogramme per cubic | kg/m’ l-3m 
Density p ==> metre 
Force F, weight G F = ma newton N mt 
: : G newton per cubic| N/m3 | (-%mt-3 
Specific weight y =7 metre 
Pressure p ak newton per square] N/m? | /-! mt-? 
Se. metre 
Momentum p p =m v= kilogramme-metre kg-m/s imit-1 
=F At per second 
Moment of inertia 7 |/ =ml kilogramme-square kg-m? Cm 
metre 
Work W and energy |W = FI joule J l3mt -3 
Power P P= = | watt WwW [2mt-s 
vicios — F Al | newton-second  per| N:s/m? [= tt 
Dynamic viscosity yn |n = A io square metre 
Kinematic viscosity v | v = 2} square metre per| m/s e 
p second 











16 PROBLEMS 
TABLE 4 
Quantity | Unit and its conversion factor to SI units 
Length centimetre (cm) = 10-2 m 
micrometre (micron); 1 -miero (u) = 10-8 m 
i angstrom (A) =10-10 
ass 


Plane angle 


Area 


Volume 
Force 


Pressure 


Work, on 
gy, amoun 
y heat 


Power 


Dynamic 
viscosity 

Kinematic 
viscosity 


mo ne pees mes pmo bet o 


— 


ome mat pmb poi pme pt pao ad e m p pat OS 


pe m e d p p d t e p 


1 
1 


wie ae ke 
‘on (t)= 108 

aie: (y = ¡e kg 

atomic unit of mass (a.u.m.)= 1.66 10-27 kg 


degree O= rad 
minute ()= px 107? rad 


n -3 
agx 10- rad 


revolution (rev) =2x rad 

are (a) =100 m2 

hectare (ha) = 10 m? 

litre (1) = 1.000028 x 10-8 m3 

dyne (dyn) =10-5N 

kilogramme-force (kgf) =9.81 N 

ton-force (tonf) = 9.81 x 10% N 

dyn/cm? =0.1 N/m? 

kgf/m* =9.81 N/m? 

millimetre of mercury column (mm Hg)=133.0 N/m? 
millimetre of water column (mm H,O) = 9.81 N/m? 
technical atmosphere (at) = 1 kgf/cm? = 0.981 x 108 N/m? 


physical atmosphere (atm) = 1 oe N/m? (this non-system 
unit is not listed in GOST 7664-61) 


erg = 10-7 J 

kgf-m = 9.81 J 

watt-hour (W-h) = 3.6x 108 J 

electron-volt (eV) = 1.6xX10-19 J 

calorie (cal) = 4.19 J 

kilocalorie (1 kcal) = 4.19108 J 

physical litre-atmosphere (1-atm)= 1.0110? J 
technical litre-atmosphere (1-at) = 98.1 J 
erg/s= 10-7 W 

kilogramme-force metre per second (kgf-m/s) == 9.81 W 
horsepower (hp) = 75 kgf-m/s=736 W 

poise (P) = 0.1 N-s/m? = 0.1 kg/m-s 


second (”= 


stokes (St) = 10-4 m?/s 
XxX 
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EXAMPLES OF SOLUTIONS 


Example 1. A stone weighing 1.05 kgf and sliding on ice with a velo- 
city of 2.44 m/s is stopped by friction in 10 seconds. Find the force of 
friction, assuming it to be constant. 

Solution. From Newton's second law we have 


FAt = mu,— mo, 


where F is the force of friction under the action of which the velocity 
of a body with the mass m changes from v, to v, during the time Af, 
In our case v¿= 0, and 
mu 
Lap 
The minus sign shows that the force of friction F is directed opposite 
to the velocity v,. 
In the MKS system m = 1.05 kg, v,= 2.44 m/s and Af = 10 s. 
Hence 
F = — LOE N= —0.256 N 
Since the initial data are accurate to the 3rd decimal place, the answer 
should be given to the same accuracy with the aid of a slide rule. 
By using Table 4, we can express the answer obtained in other units 


|F| = 0.256 N = 2.56 104 dyn = 0.0261 kgf 


Example 2. A man and a cart move towards each other. The man 
weighs 64 kgf and the cart 32 kgf. The velocity of the man is 5.4 km/h 
and of the-cart 1.8 km/h. When the man approaches the cart he jumps 
onto it. Find the velocity of the cart carrying the man. 

Solution. According to the law of conservation of momentum 


pit p:= MU t My0y= (mtm) v (1) 


where m,= mass of the man 
v,= man’s velocity before the jump 
m,= mass of the cart 
v,= velocity of the cart before the man jumps onto it 
v = common velocity of the cart and man after the jump. 
From formula (1) 


—_ Maly + Made 
$ Mm, + My (2) 
Since formula (2) is homogeneous, the masses m, and m, may be writt- 
en in any units provided they are the same. Formula (2) also shows 
that since the units of the masses will be cancelled out, the unit of the 
velocity vu will be the same as that of the velocities v, and vs. For this 
reason it is not necessary to convert all the data to MKS units. 


2—3574 
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The initial velocities of the cart and man were opposite in direction, 
and therefore their signs were different. Taking the velocity of the man 
to be positive, we have v,= 5.4 km/h and v,= —1.8 km/h. Besides, 
m,= 64 kg and m,= 32 kg. By inserting these data into formula (2), 
we obtain 

v= km/h =3.0 km/h 
The velocity v > 0. Thus, after the man jumps onto it, the cart will 
begin to move in the direction in which the man was walking. 

Example 3. Water is pumped out of a well 20 metres deep by means 
of a pump with a motor rated at 5 hp. Find the efficiency of the motor 
if 3.8x 105 litres of water are pumped out during 7 hours of operation. 

Solution. The power of the motor P is related to the work W which 
the motor performs during the time ¢ by the expression 


w 


PST (1) 


where 7 is the efficiency of the pump. The work required to raise a mass 
m of water to a height h is 


W = mgh (2) 
The mass m of the water occupies the volume 
Ve 
p 
whence 
m = Vp (3) 


where p is the density of water. Substitution of Vp for m in for mula (2) 
and the resulting expression for W in formula (1) gives 


p Yee 
n 
whence 
Vogh 
=$ (4) 


Let us use Table 4 to convert the data of the example to the MKS 
system. It is expedient to calculate the arithmetic values in the final 
formula. In our case, V=3.8 x 105 1=3.8 x 105x 1073 m3, p= 
=1 g/em= 05 kg/m", P=5 hp=5 x 736 W, 1=7 X 3,600 s, 
g = 9.81 m/s? and h = 20 m. Substituting these data in formula (4), 
we finally get 

__ 3.8 108 10-3x 10-3 x9. 81 x20 
ME 1074X5X736X7x3,600 





=Q.8 = 80 per cent 
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1. Kinematics 
In the general case, the velocity of rectilinear motion is 
ds 
Sai 
and the acceleration 


de aes 
“dt dt? 


In uniform rectilinear motion 


v=Ż = const 


and 
a=0 
In uniformly variable rectilinear motion 
2 
s=0w + E 
v=Uot at 
a=const 


In these equations the acceleration a is positive in uniformly accele- 
rated motion and negative in uniformly retarded motion. 
In curvilinear motion the total acceleration is equal to 


a=V.aj+a; 
where a, is the tangential acceleration and a, the normal (centripetal) 
acceleration: 


2 
a, = 2 and a, == 


where v=velocity of motion 
r=radius of curvature of the trajectory at the given point. 
In the general case of rotational motion the angular velocity is 
— 49 
O= at 
and the angular acceleration 
, do de 


In uniform rotational motion the angular velocity is 


IE 
O = tT = 2nv 


where T=period of rotation 
v=frequency of rotation, i.e., the number of revolutions in 
a unit of time. 


Q* 
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The angular velocity w is related to the linear velocity v by the ex- 
pression 


= 0r 
In rotational motion, the tangential and normal accelerations can be 
expressed as 
a,=ar 
An =0*r 


Table 5 compares the equations for translational and rotational mo- 
tion. 








TABLE 5 
Translational motion | Rotational motion 
Uniform 
s==ut q = ut 
v= const w = const 
a=0 a=0 
Uniformly variable 
3 2 
sa ut +O @ = ot + 
u = v + at o= 0 + at 
a = const a = const 
Non-uniform 
s=f (t) g=f(t 
ds o= 
"=F =g 
à do _d?s aa PO 
~ dt dë dt TES 


1.1. A car travels at a velocity of 80 km/h during the first half of 
its running time and at 40 km/h during the other half. Find the average 
velocity of the car. 

1.2. A car covers half a distance at a velocity of 80 km/h and the 
other at 40 km/h. What is the average velocity of the car? 

1.3. A ship goes from A to B at v,=10 km/h and from B to A at 
1¿=16 km/h. Find: (1) the average velocity of the ship, and (2) the 
velocity of the river current. 

1.4. Determine the velocity with respect.to the river bank of: (1) 
a boat going downstream, (2) a boat going Upstream, and (3) a boat 
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traveling at an angle of a=90" to the current. The velocity of the cur- 
rent a m/s, the velocity of the boat with respect to the water v,= 
=2 m/s. f 

1.5. An airplane is flying with the velocity of v,= 800 km/h rela- 
tive to the air. A wind with a velotity of v,=15 m/s is blowing from 
west to east. What is the velocity of the airplane with respect to the 
Earth, and what should the angle with the meridian be to fly the air- 
plane: (1) southward, (2) northward, (3) westward and (4) eastward? 

1.6. An airplane flies from A to B at a distance of 300 km eastward. 
Find the duration of the flight if: (1) there is no wind, (2) the wind 
blows from south to north, and (3) the wind blows from west to east. 
The velocity of the wind v,=20 m/s and that of the airplane with 
respect to the air 4,=600 km/h. 

1.7. A boat moves perpendicular to the bank with a velocity of 
7.2 km/h. The current carries it 150 m downstream. Find: (1) the velo- 
city of the current, (2) the time required to cross the river. The river 
is 0.5 km wide. 

1.8. A body thrown vertically upward returns to the Earth in 3 se- 
conds. (1) What was the initial velocity of the body? (2) What height 
did the body reach? Disregard the resistance of the air. 

1.9. A stone is thrown upward to a height of 10 metres. (1) After 
what time will it fall onto the Earth? (2) What height can be reached 
by the stone if its initial velocity is doubled? Disregard the resistance 
of the air. 

1.10. A stone is dropped from a balloon at an altitude of 300 metres. 
How much time is required for the stone to reach the Earth if: (1) the 
balloon is ascending with a velocity of 5 m/s, (2) the balloon is des- 
cending with a a of 5 m/s, (3) the balloon is stationary? Dis- 
regard the resistance of the air. 

1.11. Draw a diagram showing the relationship between the height 
h, velocity v and time ¢ for a body thrown vertically upward with an 
initial velocity of 9.8 m/s. Plot the diagram for the time interval 
from 0 to 2 seconds, i.e., for O<t<c2 s after every 0.2 s. Disregard 
the resistance of the air. 

1.12. A body falls vertically from the height h=19.6 metres with 
the initial velocity equal to zero. What distance will be traveled by the 
body: (1) during the first 0.1 second of motion, (2) during the last 
0.1 second of motion? Disregard the resistance of the air. 

1.13. A body falls vertically from the height h=19.6 metres with 
its initial velocity equal to zero. What time will it take the body to 
travel: (1) the first metre, (2) the last metre? Disregard the resistance 
of the air. 

1.14. During the last second of its free fall a body covers half of 
the total distance traveled. Find: (1) the height A from which the body 
falls, (2) the duration of falling. 
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1.15. A body A is thrown vertically upward with the initial velocity 
v,; a body B falls from the height A with the initial velocity v,=0. 
Find how the distance x between the bodies A and B depends on the 
time ¢ if the bodies began to move simultaneously. 

1.16. The distance between two underground stations is 1.5 kilo- 
metres. The first half of the distance is covered by a trainwith a uni- 
formly accelerated speed, and the second half with a uniformly retar- 
ded speed. The maximum speed of the train is 50 km/h. Find: (1) the 
acceleration, taking it to be numerically equal to the retardation, 
(2) the time the train travels between the stations. 

1.17. A train is running at a speed of 36 km/h. If the supply of cur- 
rent to the traction motors is stopped, the train, moving with a uni- 
formly retarded speed, will stop in 20 seconds. Find: (1) the negative 
acceleration of the train, (2) the distance from the station at which 
the current should be switched off. 

1.18. Braking uniformly reduces the speed of a train from 40 km/h 
to 28 km/h during one minute. Find: (1) the negative acceleration of 
the train, (2) the distance traveled by the train during the time the 
brakes are applied. 

1.19. A car runs at a uniformly retarded speed with a negative acce- 
leration of —0.5 m/s*. The initial velocity of the car is 54 km/h. 
In how much time and how far from the initial point will the car 
stop? 

1.20. A body A begins to move with the initial velocity v, and con- 
tinues to move with the constant acceleration a,. A body B begins to 
move at the same time as the body A with the initial velocity uv, and 
continues to move with the constant negative acceleration a,. What 
time is required for the two bodies to acquire the same velocity after 
motion has begun? 

1.21. A body A begins to move with the initial velocity v,=2 m/s 
and continues to move at a constant acceleration a. In At=10 seconds 
after the body A begins to move, a body B departs from the same point 
with the initial velocity v,=12 m/s and moves with the same accele- 
ration a. What is the maximum acceleration a at which the body B 
can overtake the body A? 

1.22. The relationship between the distance s traveled by a body and 
the time ¢ is given by the equation s=At—Bt*+Cf*, where A= 
=2 m/s, B=3 m/s* and C=4 m/s*. Find: (1) how the velocity v 
and acceleration a depend on the time ¢, (2) the distance traveled by 
the body, the velocity and acceleration of the body in 2 seconds after 
motion has begun. Plot a diagram showing the distance, velocity and 
acceleration for O0<t<3 s after every 0.5 s. 

1.23. The relationship between the distance s traveled by a body and 
the time ¢ is expressed by the equation s=A—Bf+Ct?, where 
A=6 m, B=3 m/s and C=2 m/s*. Detéxmine the average velo- 
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city and the average acceleration of the body within the time interval 
from 1 to 4 seconds. Plot the diagram of the distance, velocity and ac- 
celeration for 0<(<5 seconds after every second. 

1.24. The relationship between the distance s traveled by a body and 
the time tis described by the equation s=A+Bt+Ct?, where A= 
=3 m, B=2 m/s and C=1 m/s*. Determine the average velocity 
and the average acceleration of the body during the first, second and 
third seconds of motion. 

1.25. The relationship between the distance s traveled by a body 
and the time ¢ is described by the equation s=A+Bt+C+D2, 
where C=0.14 m/s? and D=0.01 m/s. (1) In what time after motion 
begins will the acceleration of the body be equal to 1 m/s*? (2) What 
is the average acceleration the body acquires during this time? 

1.26. A stone is thrown horizontally with the velocity v.=15 m/s 
from a tower with a height of H=25 metres. Find: (1) the time during 
which the stone is in motion, (2) the distance s. from the tower base to 
where the stone will drop onto the ground, (3) the velocity v with which 
it will touch the ground, (4) the angle q formed by the trajectory of the 
stone with the horizontal at the point where it reaches the ground. 
Disregard the resistance of the air. 

1.27. A stone thrown horizontally fell onto the ground after 0.5 se- 
cond at a distance of 5 metres from where it was thrown. (1) From 
what height h was the stone thrown? (2) What was the initial velocity 
Uo of the stone? (3) What velocity v did the stone touch the ground 
with? (4) What angle q was formed by the trajectory of the stone with 
the horizontal at the point where it reached the ground? Disregard the 
resistance of the air. 

1.28. A ball thrown horizontally strikes a wall 5 metres away. The 
height of the point struck by the ball is 1 metre lower than the height 
which it was thrown from. (1) What velocity vp was the ball thrown 
with? (2) At what angle q did the ball reach the wall? Disregard the 
resistance of the air. 

1.29. A stone is thrown horizontally. In 0.5 second after the stone 
began to move, the numerical value of its velocity was 1.5 times its 
initial velocity. Find the initial velocity of the stone. Disregard the 
resistance of the air. 

1.30. A stone is thrown horizontally with the velocity v,=15 m/s. 
Determine the normal and tangential accelerations of the stone in 1 se- 
cond after it begins to move. Disregard the resistance of the air. 

1.31. A stone is thrown horizontally with the velocity 10 m/s. 
Find the radius of curvature of its trajectory in 3 seconds after the mo- 
tion began. Disregard the resistance of the air. 

1.32. A ball is thrown with the velocity v»=10 m/s at an angle of 
a@=40° to the horizon. Find: (1) the height s, which the ball will rise 
to, (2) the distance sx from the point of throwing to where the ball 
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will drop onto the ground, (3) the time during which the ball will be 
in motion. Disregard the resistance of the air. 

1.33. An athlete puts a shot 16 m 20 cm iu Leningrad. What distance 
will be covered by an identical throw in Tashkent, assuming that the 
initial velocity and angle to the horizon are the same? The acceleration 
of gravity is 981.9 cm/s? in Leningrad and 980.1 cm/s* in Tashkent. 

1.34. A body is thrown with the velocity uv, at an angle to the hori- 
zon. The duration of motion t=2,2 seconds. Find the maximum 
height reached by the body. Disregard the resistance of the air. 

1.35. A stone thrown with the velocity v,=12 m/s at an angle of 
a=45° to the horizon dropped to the ground at the distance s from 
the point where it was thrown. From what height A should the stone be 
thrown in a horizontal direction with the same initial velocity uv» for 
it to fall at the same spot? 

1.36. A body is thrown with the velocity v.=14.7 m/s at an angle 
of a.=30" to the horizon. Find the normal and tangential accelerati- 
ons of the body in t=1.25 s aiter it began to move. Disregard the re- 
sistance of the air. 

1.37. A body is thrown with the velocity v,=10 m/s at an angle 
of a=45° to the horizon. Find the radius of curvature of its trajectory 
a t=1s after the body began to move. Disregard the resistance of 
the air. 

1.38. A body is thrown with the velocity vo at an angle of a to the 
horizon. Determine v, anda if the maximum height which the body rea- 
ches is h=3 m and the radius of curvature at the upper point of its 
trajectory R=3 m. Disregard the resistance of the air. 

1.39. A stone is thrown from a tower with a height of H=25 m at 
Uo=15 m/s and an angle a=30° to the horizon. Find: (1) the time 
during which the stone will be in motion, (2) the distance from the to- 
wer base to where the stone will drop onto the ground, (3) the velocity 
with which the stone will fall to the ground, (4) the angle q formed by 
the trajectory of the stone with the horizon at the point of fall. Disre- 
gard the resistance of the air. 

1.40. A boy throws a ball with the velocity vv=10 m/s at an angle 
of a=45° to the horizon. The ball strikes a wall at a distance of s= 
=3 m from the boy. (1) When will the ball strike the wall (when the 
ball ascends or descends)? (2) Find the height y at which the ball 
will strike the wall (counting from the height which the ball was thrown 
from). (3) Determine the velocity of the ball at the moment of impact. 
Disregard the resistance of the air. 

1.41. Find the angular velocities of: (1) daily rotation of the 
Earth, (2) a watch hour hand, (3) a watch minute hand, (4) an artifi- 
cial satellite of the Earth rotating along a circular orbit with the period 
of revolution T=88 min, (5) the linear velocity of this satellite 
if its orbit is at a distance of 200 km from the Earth's surface. 
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1.42. Determine the linear velocity of revolution of points on the 
Earth’s surface at a latitude of 60°. 

1.43. What should the velocity of an airplane flying from east to 
west be on the equator for the passengers to see the Sun motionless 
in the sky? 

1.44. An axle with two disks mounted at a distance of /=0.5 m from 
each other rotates with an angular velocity which corresponds to the 
frequency v=1,600 rpm. A bullet fiying along the axle pierces both 
disks. The hole in the second disk is displaced with respect to that 
in the first one by the angle g=12°. Find the velocity of the bullet. 

1.45. Find the radius of a rotating wheel if the linear velocity v, 
of a point on the rim is 2.5 times greater than the linear velocity v, 
of a point 5 centimetres closer to the wheel axle. 

1.46. A uniformly accelerated wheel reaches the angular velocity 
w=20 rad/s in N=10 révolutions after rotation begins. Determine 
the angular acceleration of the wheel. 

1.47. In ¢=1 minute after it begins to rotate a flywheel acquires 
a velocity corresponding to v=720 rpm. Find the angular accelera- 
tion of the wheel and the number of its revolutions per minute. The 
motion is uniformly accelerated. 

1.48. When braked, a uniformly retarded wheel reduces its velocity 
from 300 rpm to 180 rpm during one minute. Find the angular accele- 
ration of the wheel and the number of revolutions it completes in this 
time. 

1.49. A fan rotates with a velocity corresponding to a frequency of 
900 rev/min. When its motor is switched off, the fan uniformly slows 
down and performs 75 revolutions before it comes to a stop. How much 
time elapsed from the moment the fan was switched off to the moment it 
stopped? 

1.50. A shaft rotates at a constant velocity corresponding to the 
frequency 180 rev/min. At a certain moment the shaft is braked and 
begins to slow down uniformly with an angular acceleration numeri- 
cally equal to 3 rad/s?. (1) In how much time will the shaft stop? 
(2) What number of revolutions will it perform before stopping? 

1.51. A point moves along a circle having a radius of r=20 cm with 
a constant tangential acceleration of a,=5 cm/s*. How much time is 
needed after motion begins for the normal acceleration a, of the point 
to be: (1) equal to the tangential acceleration, (2) double the tangential 
acceleration? 

1.52. A point moves along a circle having a radius of r=10 cm 
with a constant tangential acceleration a,. Find the tangential accele- 
tration a, of the point if its velocity is v=79.2 cm/s at the end of the 
fifth revolution after motion has begun. 

1.53. A point moves along a circle having a radius of r=10 cm with 
a constafit tangential acceleration a,. Find the normal acceleration dn 
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of the point in ¿=20 seconds after motion begins if the linear velo- 
city of the point is v=10 cm/s at the end of the fifth revolution after 
motion has begun. 

1.54. It may be assumed to a first approximation that an electron 
moves in an atom of hydrogen along a circular orbit with the constant 
velocity v. Find the angular velocity of electron rotation around the 
nucleus and its normal acceleration. The radius of the orbit r=0.5x 
x 107° m and the velocity of the electron along this“orbit v=2.2x 
x 10° m/s. 

1.55. A wheel having a radius r=10 cm rotates with a constant 
angular acceleration a=3.14 rad/s?. Find for points on the wheel rim 
at the end of the first second after motion has begun: (1) the angular 
velocity, (2) the linear velocity, (3) the tangential acceleration, (4) 
the normal acceleration, (5) the total acceleration, and (6) the angle 
formed by the direction of the total acceleration with the wheel radius. 

1.56. A point moves along a circle with a radius of r=2 cm. 
The relationship between the distance and the time is given by the 
equation x=Cf, where C=0.1 cm/s*. Find the normal and tangen- 
tial accelerations of the point at the moment when its linear velocity 
v=0.3 m/s. 

1.57. A point moves along a circle with the relationship between the 
distance and the time conforming to the equation s=A+B+Ci??, 
where B= —2 m/s and C=1 m/s?. Find the linear velocity of the 
point, and its tangential, normal and total accelerations in ¢=3 se- 
conds after motion begins if the normal acceleration of the point 
when f'=2 seconds is a, =0.5 m/s!. 

1.58. Find the angular acceleration of a wheel if the vector of the 
total acceleration of a point on the rim forms an angle of 60* with the 
direction of the linear velocity of this point in 2 seconds after uniforml y 
accelerated motion begins. 

1.59. A wheel rotates with a constant angular acceleration «= 
=2 rad/s*. In ¢=0.5 second after motion begins, the total acceleration . 
of the wheel becomes a= 13.6 cm/s*. Determine the radius of the wheel. 

1.60. A wheel with a radius of r=0.1 m so rotates that the relati- 
onship between the angle of rotation of the wheel radius and the time 
is described by the equation p=A+Bt+C#, where B=2 rad/s 
and C=1 rad/s*. Find the following values for points lying on the 
wheel rim in 2 seconds after motion begins: (1) the angular velocity, 
(2) the linear velocity, (3) the angular acceleration, (4) the tangential 
acceleration, (5) the normal acceleration. 

1.61. A wheel with a radius of r=5.cm so rotates that the relation- 
ship between the angle of rotation of the wheel radius and the time is 
described by the equation p=A+B1+Ct+Df, where D= 
=1 rad/s*. Find the change in the tangential acceleration Aa, during 
each second of motion for points on the rim. 
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1.62. A wheel with a radius of r=10 cm so rotates that the relati- 
onship between the linear velocity of points on the wheel rim and the 
duration of motion is described by the equation v=At+-Bt?, where 
A=3 cm/s? and B=1 cm/s*. Find the angle formed by the vector 
of the total acceleration with the wheel radius at the moments of time 
t=0, 1, 2, 3, 4 and 5 seconds after motion begins. 

1.63. A wheel so rotates that the relationship between the angle of 
rotation of the wheel radius and the time is described by the equation 
o=A+Bt+C+D#, where B=1 rad/s, C=1 rad/s? and D= 
=] rad/s*. Find the radius of the wheel if the normal acceleration of 
points on the wheel rim is a,=3.46X 10? m/s? after two seconds of 
motion. 

1.64. How many times does the normal acceleration of a point on 
the rim of a rotating wheel exceed its tangential acceleration at the 
moment when the vector of the total acceleration of this point forms 
an angle of 30° with the vector of the linear velocity? 


2. Dynamics 


The basic law of dynamics (Newton’s second law) is expressed by the 
formula 
Fdt=d(mv) 
If the mass is constant, then 


du 
F=m i = ma 
where a is the acceleration acquired by a body of mass m under the ac- 
tion of a force F. 
The work of a force F over the distance s can be expressed by the 
following formula 


Won | Fett 


where F, is the projection of the force on the direction of the distance, 
and ds is the distance. Integration should include the entire distance s. 

In a particular case of a constant force acting at a constant angle to 
the motion, we have 


W=Fs cosa 


where a is the angle between the force F and the distance s. 
Power is determined by the formula 


dW 
P=% 
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When the power is constant 


W 

P =F 

where W is the work performed during the time £. 
The power can also be found by the formula 


P=Fuv cos a 


i.e., by the product of the velocity of motion and the projection of 
the force on its direction. 

The kinetic energy of a body with the mass m moving with the velo- 
city v is equal to 


The formulas for potential energy vary depending on the nature 
of the acting forces. 

In an isolated system the momentum of all the bodies contained in 
it remains the same, i.e., 


Pi +P: + . -+ pa = const 


In the inelastic central impact of two bodies with the masses m, 
and m,, the total velocity of motion of these bodies after the impact can 
be found from the formula 


E 
m,+my 


where the subscript “1” denotes the first body before the impact, and 
the subscript “2”—the second body before the impact. 

In elastic central impact, the bodies will move at different veloci- 
ties. The velocity of the first body after the impact 


(m,— m4) 4+ 2p, 
mı +m 
and that of the second body after the impact 
(m—m) vt 2p, 
m, +m 


In curvilinear motion, the force acting on a material particle can be 
resolved into two components—tangential and normal. 
The normal component 


a= 


U, = 


my? 
F,=— 


is the centripetal force. Here v is the linear Velocity of motion of a body 
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of mass m and r is the radius of curvature of the trajectory at the given 
oint. 

p The force which causes an elastic deformation of x is proportional 

to the magnitude of the deformation, i.e., 


F = kx 


where & is a coefficient numerically equal to the force causing a unit 
deformation (deformation coefficient). 
The potential energy of elastic forces 
kx? 
E= 7 
Two material particles (i.e., bodies whose dimensions are small re- 
lative to the distance between them) are attracted to each other by the 
force 
mM 


PSU 


where  y=gravitational constant, equal to 6.67 x 1071! m?/kg-s? 
m, and m,=masses of the interacting material particles 
R=distance between these particles. 

This law is also true for homogeneous balls, r being the distance be- 
tween their centres. 

The potential energy of the forces of gravitation 

MM 
LS 

The minus sign shows that when r = oo, the potential energy of two 
interacting bodies is zero and diminishes when these bodies approach 
each other. 

Kepler's third law has the form 

TA 
To” 
where T, and T,=periods of planet rotation 
r, and rz==major semiaxes of the planet orbits. 

If a planet moves along a circular orbit, the role of the major semi- 
axis is played by the orbit radius. 

2.1. What is the weight of ballast to be dropped from a uniformly 
descending balloon to enable the latter to rise with the same velocity? 
The balloon with the ballast weighs 1,600 kgf and its lifting capacity is 
1,200 kgf. The force of the air resistance is to be taken the same during 
ascent and descent. 

2.2. A load of G=1 kgf is suspended on a thread. Find-the tension 
of the thread with the load if: (1) it is lifted with an acceleration 
of a=5 m/s?, (2) it is lowered with the same acceleration a=5 m/s?* 
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2.3. A steel wire of a certain diameter withstands a weight up to 
4,400 N. What is the maximum acceleration which a load of 3,900 N 
SER from this wire may be lifted with so that the wire does not 
break? 

2.4. The weight of a lift with passengers is 800 kgf. Find the accele- 
ration and the direction of motion of the lift if the tension of the wire 
rope holding it is: (1) 1,200 kgf and (2) 600 kgf. 

2.5. A weight is suspended on a thread. If the weight is raised with 
the acceleration a,—2 m/s* the tension T of the thread will be half 
that at which the thread breaks. What acceleration a, should the weight 
be raised with to break the thread? 

2.6. An automobile weighing 10* N is braked and stops after 5 se- 
conds, covering 25 metres with uniformly retarded motion. Find: 
(1) the initial speed of the automobile, (2) the braking force. 

2.7. A train with a mass of 500 tons is uniformly retarded by apply- 
ing its brakes. Its velocity drops from 40 km/h to 28 km/h in one min- 
ute. Find the braking force. 

2.8. A car weighing 1.96 x 10°N moves with an initial speed of 
54 km/h. Determine the average force acting on the car if it stops in: 
(1) 1 minute 40 seconds, (2) 10 seconds and (3) 1 second. 

2.9. What force should be applied to a car standing on rails for it 
to begin to move with uniform acceleration and travel the distances = 
=11 m during ¢=30 seconds? The weight of the car G=16 tonf. 
During motion the car is acted upon by a force of friction equal to 
0.05 of its weight. 

2.10. When the traction motors were switched off, a train weigh- 
ing 4.9x 10° N stopped in one minute under the action of a friction 
force of 9.8X 104 N. What was the speed of the train? 

2.11. A railway car having a mass of 20 tons moves with a constant 
negative acceleration of 0.3 m/s*. The initial speed of the car is 54 km/h. 
(1) What is the braking force acting on the car? (2) In how much time 
will the car stop? (3) What distance will be covered by the car until it 
stops? 

2.12. A body with a mass of 0.5 kg is in rectilinear motion. The re- 
lation between the distance s traveled by the body and the time ¢ is 
shown by the equation s=A—Bi+Ci##—D?#, where C=5 m/s? 
and D=1 m/s*, Determine the force which acts on the body at the end 
of the first second of motion. 

2.13. Under the action of a constant force F=1 kgf a body so 
moves in a straight line that the relation between the distance s 
traveled by the body and the time ¢ is described by the equation s= 
e Find the mass of the body if the constant C= 
i m/s?.. 

2.14. A body with a mass m=0.5 kg so moves that the relation- 
ship between the distance s traveled by thè body and the time £ is 
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given by the equations=A sin of, where A=5cm ando = 7 rad/s. 
Find the force F acting on the body in ¢=1/, second after motion 
begins. 

2.15. A molecule with the mass m=4.65 x 1073 kg fiying at 
right angles to the wall of a vessel at a velocity of v=600 m/s strikes 
the wall and rebounds from it elastically without losing its velocity. 
Find the impulse of the force received by the wall during the impact. 

2.16. A molecule with the mass m=4.65 x 107* kg flying at 
a velocity of v=600 m/s strikes the wall of a vessel at an angle of 
60° to the normal and rebounds from it elastically at the same angle 
without losing its velocity. Find the impulse of the force received by 
the wall during the impact. 

2.17. A ball weighing 0.1 kgf dropping vertically from a certain 
height strikes an inclined surface and rebounds from it elastically with- 
out losing its velocity. The surface is inclined at 30° to the horizon. 
The impulse of force received by the surface during the impact is 1.73 
N-s. What time will elapse between the moment the ball strikes 
the surface and the moment when it is at the highest point of its tra- 
jectory? 

2.18. A jet of water with a section of A = 6 cm? strikes a wall at an 
angle of ~a=60° to the normal and rebounds elastically from the wall 
without losing its velocity. Find the force acting on the wall if the velo- 
city of the water in the jet is v=12 m/s. 

2.19. A tramcar starts with a constant acceleration of a=0.5 m/s?. 
Twelve seconds after it begins to move its motor is switched off, and 
the motion of the car uniformly retards up to the next stop. Along the 
entire route of the car the coefficient of friction f=0.01. Find: 
(1) the maximum speed of the car, (2) the total duration of motion, 
(3) the negative acceleration of the car moving with a uniform retarda- 
tion, (4) the total distance covered by the car. 

2.20. A motor vehicle weighs 9.8x 10° N. During motion it is 
acted upon by a friction force equal to 0.1 of its weight. What should 
the tractive effort (force) developed by the engine be for the vehicle 
to move: (1) uniformly, (2) with an acceleration equal to 2 m/s? 

2.21. What angle a to the horizon will be formed by the surface of 
petrol in the tank of a motor vehicle moving horizontally with a con- 
stant acceleration of a=2.44 m/s?? 

2.22. A ball is suspended on a thread from the ceiling of a tramcar. 
The brakes are applied and the speed of the car changes uniformly 
from v,=18 km/h to v,=6 km/h during the time At=3 seconds. 
By ae angle a will the thread with the ball deviate from the ver- 

ical? 

2.23. A railway carriage is braked and its speed changes uniformly 
from v,=47.5 km/h tov,=30 km/h during the time At=3.3 seconds. 
At what highest value of the coefficient of friction between a suit-case 


32 PROBLEMS {2.24—2.32 


and a rack will the suit-case begin to slide over the rack during retar- 
dation? 

2.24. A rope so lies on a table that part of it hangs over. The rope 
begins to slide when the length of the hanging part is 25 per cent of the 
entire length. What is the coefficient of friction between the rope and 
the table? 

2.25. An automobile weighs 1 tonf and is acted upon during motion 
by a friction force equal to 10 per cent of its weight. Find the tractive 
effort developed by the engine if the automobile moves at a constant 
speed: (1) up a grade of 1 in 25, (2) down the same grade. 

2.26. Find the tractive effort developed by the engine of an automo- 
bile moving uphill with an acceleration of 1 m/s?. The grade is 1 in 25. 
The automobile weighs 9.8 x 10° N and the coefficient of friction is 0.1. 

2.27. A body lies on an inclined plane forming an angle of four de- 
grees with the horizon. (1) At what maximum value of the coefficient of 
friction will the body begin to slide over the plane? (2) What accele- 
ration will the body slide with over the plane if the coefficient of fric- 
tion is 0.03? (3) How much time is required for the body to travel a 
distance of 100 metres? (4) What will the velocity of the body be at 
the end of these 100 metres? 

2.28. A body slides over an inclined plane forming an angle of a= 
=45° with the horizon. After a distance of s=36.4 cm the body ac- 
quires a velocity of v=2 m/s. What is the coefficient of friction be- 
tween the body and the plane? 

2.29. A body slides over an inclined plane forming an angle of 45° 
with the horizon. The relationship between the distance s traveled by 
the body and the time ¢ is described by the equation s=C??, where 
C=1.73 m/s*. Find the coefficient of friction 
between the body and the plane. 

2.30. Two weights G,=2 kgf and G,=1_ kef 
are linked by a thread passing over a weightless 
pulley. Find: (1) the acceleration with which 
the weights move, (2) the tension of the thread. 
Disregard the friction in the pulley. 

2.31. A weightless pulley is attached to the 

Fig. 1 edge of a table (Fig. 1). Equal weights A and B 

(G,= G,= 1 kgf) are linked by a thread pass- 

ing over the pulley. The coefficient of friction between weight B and 

the table is f=0.1. Find: (1) the acceleration which the weights 

move with, (2) the tension of the thread. Disregard the friction in the 
pulley. 

2.32. A weightless pulley is attached to the top of an inclined plane 
(Fig. 2) forming an angle ofa = 30° with the horizon. Equal weights A 
and B (G,=G,=1 kgf) are linked by a thread passing over a pulley. 
Find: (1) the acceleration which the weights move with, (2) the ten- 
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sion of the thread. Disregard the friction in the pulley and the friction 
between weight B and the inclined plane. 

2.33. Solve the previous problem if the coefficient of friction between 
ve B and the inclined plane f= 0.1. Disregard the friction in the 
pulley. 





PS 


Fig. 2 Fig. 3 


2.34. A weightless pulley is attached to the apex of two inclined 
planes forming the angles a=30° and B=45° with the horizon, res- 
pectively (Fig. 3). Equal weights A and B (G,=G,=1 kgf) are linked 
by a thread passing over the pulley. Find: (1) the acceleration which 
the weights move with, (2) the tension of the thread. Disregard the 
friction between weights A and B and the inclined planes and the fri- 
ction in the pulley. 

2.35. Solve the previous problem if the coefficients of friction bet- 
ween weights A and B and the inclined planes are f,= f,=0.1. Dis- 
regard the friction in the pulley. Show that the solutions of problems 
2.30 through 2.34 can be obtained as particular cases from the formulas 
used to solve the present problem. 

2.36. The work W=8 kgf-m was performed to lift a load with the 
weight G=2 kgf vertically to a height of h=1 m by the constant 
force F. What acceleration was the load raised with? 

2.37. An airplane ascends and reaches a velocity of u=360 km/h 
at an altitude of h=5km. How many times is the work performed dur- 
ing the ascent against the force of gravity greater than that performed 
to increase the velocity of the airplane? 

2.38. What amount of work should be performed to make a moving 
body with a mass of 2 kg: (1) increase its velocity from 2 m/s to 5 m/s, 
(2) stop from an initial velocity of 8 m/s? 

2.39. A ball flying at v,=15 m/s is thrown back by a racket in the 
opposite direction with the velocity v,= 20 m/s. Find the change in 
the momentum of the ball if its kinetic energy changes by 
AE = 8.75 J. 

2.40. A stone pushed over an ice surface with the velocity v= 
=2 m/s slides over a distance of s = 20.4 metres before it stops. Find 
the coefficient of friction between the stone and the ice, assuming it to 
be constant. a 

2.41. A railway car weighing 20 tonf uniformly decelerating under 
a force of friction of 6,000 N comes to a stop. The initial speed of the 
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car is 54 km/h. Find: (1) the work of the friction forces, (2) the distance 
covered by the car before it stops. 

2.42. A driver begins to brake his car 25 metres from an obstacle on 
the road. The force of frictior. in the brake shoes is constant and equal 
to 3,840 N. The car weighs 1 tonf. What is the maximum speed from 
which the car can be stopped before the obstacle? Disregard the fric- 
tion of the wheels against the road. 

2.43. A tramcar moves with the acceleration a=49.0 cm/s?. 
Find the coefficient of friction if 50 per cent of the motor power is spent 
to overcome the friction forces and 50 per cent to increase the speed. 

2.44. Find the work which must be performed to increase the velo- 
city of a body from 2 m/s to 6 m/s over a distance of 10 metres. A con- 
stant force of friction equal to 0.2 kgf acts over the entire distance. 
The mass of the body is 1 kg. 

2.45. A motor vehicle weighs 9.81 x 10% N. During motion it is 
acted upon by a constant force of friction equal to 10 per cent of its 
weight. What amount of petrol is spent by the engine to increase the 
speed of the vehicle from 10 km/h to 40 km/h over a distance of 0.5 km? 
The engine efficiency is 20 per cent, and the heating value of the petrol 
is 4.6 x 107 J/kg. 

2.46. What amount of petrol is consumed by a motor vehicle engine 
per 100 kilometres if the average speed is 30 km/h with a mean engine 
power of 15 hp? The engine efficiency is 22 per cent. Take the other 
data necessary from the previous problem. 

2.47. Find the efficiency of a motor vehicle engine if at a speed of 
40 km/h the engine consumes 13.5 litres of petrol per 100 kilometres 
and develops a power of 16.3 hp. The density of the petrol is 0.8 g/cm*. 
Take the other data necessary from Problem 2.45. 

2.48. Plot a diagram showing how the kinetic, potential and total 
energy of a stone with a mass of | kg thrown vertically upward with an 
initial velocity of 9.8 m/s changes with time for 0 < ¢ < 2 seconds at 
intervals of 0.2 second. Use the solution of Problem 1.11. 

2.49. Plot a diagram showing how the kinetic, potential and total 
energy of a stone changes with distance using the conditions of the pre- 
vious problem. 

2.50. A stone weighing 2 kgf fell from a certain height during 1.43 
seconds. Find the kinetic and potential energy of the stone at half the 
height. Disregard the resistance of the air. 

2.51. A stone is thrown horizontally with the velocity ve= 15 m/s 
from.a tower with a height of h=25 metres. Find the kinetic and po- 
tential energy of the stone in one second after motion begins. The mass 
of the stone m=0.2 kg. Disregard the resistance of the air. 

2.52. A stone is thrown at an angle of 260° tothe horizon with a 
velocity of v,.=15 m/s. Find the kinetic, potential and total energy of 
the stone: (1) in one second after motion begins, (2) at the highest point 
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of the trajectory. The mass of the stone m = 0.2 kg. Disregard the re- 
sistance of the air. 

2.53. The work spent to put a shot at an angle of a=30° to the 
horizon is W = 216 J. In how much time and how far from the point 
of throwing will the shot fall to the ground? The shot weighs G=2 kgf. 
Disregard the resistance of the air. 

2.54. A material particle with a mass of 10 grammes moves along a 
circle having a radius of 6.4 cm with a constant tangential accelera-. 
tion. Find this acceleration if the kinetic energy of the particle becomes 
equal to 8 x 10°* J towards the end of the second revolution after 
motion begins. 

2.55. A body with a mass of | kilogramme slides down an inclined 
plane 1 metre high and 10 metres long. Find: (1) the kinetic energy of 
the body at the base of the plane, (2) the velocity of the body at the 
base of the plane, (3) the distance traveled by the body over the hori- 
zontal part of the route until it stops. Assume the coefficient of friction 
to be constant over the entire route and equal to 0.05. 

2.56. A body first slides along an inclined plane forming an angle of 
a@=8° with the horizon and then over a horizontal plane. Find the co- 
efficient of friction if the body covers the same distance on the horizon- 
tal plane as on the inclined one. 

2.57. A body with a mass of 3 kilogrammes slides over an inclined 
plane 0.5 metre high and 1 metre long. The body reaches the bottom 
of the inclined plane with a velocity of 2.45 m/s. Find: (1) the coeffici- 
ent of friction between the body and the plane, (2) the amount of heat 
evolved in friction. The initial velocity of the body is zero. 

2.58. A motor vehicle with a mass of 2 tons runs up a grade of 1 in 25. 
The coefficient of friction is 8 per cent. Find: (1) the work performed by 
the vehicle engine over a distance of 3 kilometres, (2) the power deve- 
loped by the engine ¡if this distance was covered in 4 minutes. 

2.59. Find the power developed by the engine of a vehicle with a 
mass of 1 ton if it moves at a constant speed of 36 km/h: (1) over a level 
road, (2) up a grade of 1 in 20, (3) down the same grade. The coefficient 
of friction is 0.07. 

2.60. A vehicle weighing 1 tonf runs downhill with its engine stop- 
ped at a constant speed of 54 km/h. The grade is 1 in 25. What power 
must be developed by the engine for the vehicle to run up the same grade 
at the same speed? 

2.61. A flat car with a weight of G,= 10 tonf stands on rails and car- 
ries a cannon weighing G,=5 tonf from which a shell is fired along the 
rails. The weight of the shell G,=100 kgf and its initial velocity with 
respect to the cannon vy= 500 m/s. Determine the velocity v, of the 
flat car at the first moment after the shot if: (1) the fiat car was stand- 
ing, (2) the car was moving with a speed of v,= 18 km/h and the shell 
was fired in the direction of motion, (3) the car was moving with a speed 
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of v,= 18 km/h and the shell was fired in the direction opposite to its 
motion. 

2.62. A bullet with a mass of 5 x 1073 kg flies at a velo- 
y o e m/s from a rifle with a mass of 5 kg. Find the velocity of the 
rifle kick. 

2.63. A man weighing 60 kgf running at a speed of 8 km/h catches 
up with a cart weighing 80 kgf and moving at 2.9 km/h, and jumps onto 
it. (1) What will the velocity of the cart be after the man jumps onto 
it? 2) What will the velocity of the cart be if the man was running to- 
wards it? 

2.64. A shell weighing 980 N flies horizontally with a velocity of 
500 m/s along a railway, strikes a freight car carrying sand and weigh- 
ing 10 tonf and gets stuck in it. What speed will be imparted to the 
car if: (1) it was standing, (2) it was moving at a speed of 36 km/h in 
the same direction as the shell, (3) it was moving with a speed of 
36 km/h in the direction opposite to the flight of the shell. 

2.65. A grenade flying at 10 m/s bursts into two fragments. The lar- 
ger one having 60 per cent of the entire weight of the grenade continues 
to move as before but with an increased velocity equal to 25 m/s. 
Find the velocity of the smaller fragment. 

2.66. A body with a weight of 1 kgf moves horizontally with a velo- 
city of 1 m/s, overtakes another body weighing 0.5 kgf and collides 
with it inelastically. What velocity is imparted to the bodies if: (1) 
the second body was at rest, (2) the second body was moving at a velo- 
city of 0.5 m/s in the same direction as the first one, (3) the second body 
was moving at a velocity of 0.5 m/s in a direction opposite to the motion 
of the first, one? 

2.67. A skater weighing 70 kgf standing on ice throws a stone 
weighing 3 kgf with a velocity of 8 m/s in a horizontal direction. Find 
the distance over which the skater will move back if the coefficient of 
friction between the skates and the ice is 0.02. 

2.68. A man standing on a cart at rest throws a stone with a mass of 
2 kg in a horizontal direction. The cart with the man rolls backwards. 
Its velocity was 0.1 m/s immediately after the stone was thrown. 
The cart with the man weighs 100 kgf. Find the kinetic energy of 
pe a. in 0.5 second after it was thrown. Disregard the resistance 
of the air. 

2.69. A body with a weight of G,=2 kgf moves towards another 
body weighing G,=1.5 kgf and collides with it inelastically. Before 
the impact, the velocities of the bodies were v;= 1 m/s and v,= 2 m/s, 
respectively. How long will these bodies move after the collision if 
the coefficient of friction f=0,05? 

2.70. An automatic gun fires 600 bullets a minute. The mass of ‘each 


bullet is 4 grammes and its initial velocity, is 500 m/s. Find the mean 
recoil. N 
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2.71. A flat car weighing G,=10 tonf stands on rails and has a can- 
non fastened on it weighing G,=5 toni from which a shell is fired along 
the rails. The shell weighs G;=100 kgf, and its initial velocity with 
respect to the cannon is vy= 500 m/s. Over what distance will the car 
move after the shot if: (1) it is at rest, (2) it is moving with a velocity 
of v,= 18 km/h and the shot is fired in the direction of its motion, 
(3) it is moving with a velocity of v,=18 km/h and the shot is fired in 
the opposite direction? The coefficient of friction between the car and 
the rails is 0:002. 

2.72. A shell weighing 100 kgf is fired from a cannon with a mass of 
5 X 108 kg. The kinetic energy of the shell at the end of the barrel is 
7.5x 10° J What kinetic eaey is imparted to the cannon by the recoil? 

2.73. A body weighing 2 kgf moves with a velocity of 3 m/s and over- 
takes another body weighing 3 kgf moving at 1 m/s. Find the veloci- 
ties of the bodies after collision if: (1) the impact is inelastic, (2) the 
e is elastic. The bodies move in a straight line and the impact is 
central. 

2.74. What should the ratio between the masses of the bodies in the 
previous problem be for the first body to stop after an elastic impact? 

2.75. A body weighing 3 kgf moves with a velocity of 4 m/sec and 
strikes an immobile body of the same weight. Assuming the impact to 
be central and inelastic, find the amount of heat evolved during the 
collision. 

2.76. A body with a mass of 5 kg strikes an immobile body with a 
mass of 2.5 kg which after the impact begins to move with a kinetic 
energy of 5 J. Assuming the impact to be central and elastic, find the 
kinetic energy of the first body before and after the collision. 

2.77. A body weighing 49 N strikes an immobile body weighing 
2.5 kgf. The kinetic energy of the system of these two bodies becomes 
5 J directly after the impact. Assuming the impact to be central and 
inelastic, find the kinetic energy of the first body before the collision. 

2.78. Two bodies move towards each other and collide inelastically. 
The velocity of the first body before the impact v,=2 m/s and of the. 
second v,=4 m/s. The total velocity of the bodies after collision coin- 
cides in direction with the velocity v, and is equal to v=1 m/s. How 
many times did the kinetic energy of the first body exceed that of the 
second one? 

2.79. Two balls are suspended on parallel threads of the same length 
so that they contact each other. The mass of the first ball is 0.2 kg and 
that of the second 100 g. The first ball is deflected so that its centre of 
gravity rises to a height of 4.5 cm and is then released. What height 
will the balls rise to after the collision if: (1) the impact is elastic, 
(2) the impact is inelastic? 

2.80. A bullet flying horizontally strikes a ball suspended from a 
very light rigid rod and gets stuck in it. The mass of the ball is 
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1,000 times greater than that of the bullet. The distance from the point 
of suspension to the centre of the ball is 1 metre. Find the velocity of the 
bullet if the rod with the ball deviates by an angle of 10° after the impact. 

2.81. A bullet flying horizontally strikes a ball suspenued from a 
light rigid rod and gets stuck in the ball. The mass of the bullet m,= 
=5 g and that of the ball m,=0.5 kg. The velocity of the bullet 
v,=500 m/s. At what maximum length of the rod (distance from the 
point of suspension to the centre of the ball) will the ball rise to the top 
of the circle as a result of the impact? 

2.82. A mallet weighing 0.5 kgf strikes an immobile wall. At the 
moment of impact the velocity of the mallet is 1 m/s. Assuming the 
coefficient of restitution to equal 0.5 in impact, find the amount of heat 
evolved during the impact. The coefficient of restitution is the ratio 
ee the velocity of the body after the impact and that before the 
impact. 

2.83. Find the impulse of the force acting on the wall during the im- 
pact using the conditions of the previous problem. 

2.84. A wooden ball is dropped vertically from a height of 2 m with 
an initial velocity of zero. When the ball strikes the floor, the coef- 
ficient of restitution is 0.5. Find: (1) the height which the ball rises to 
after striking the floor, (2) the amount of heat evolved during the im- 
pact. The mass of the ball is 100 grammes. 

2.85. A plastic ball falls from a height of 1 metre and rebounds seve- 
ral times from the floor. What is the coefficient of restitution during 
the impact with the floor if 1.3 seconds pass from the first impact to 
the second one? 

2.86. A steel ball falls from a height of 1.5 metres onto a steel plate 
and rebounds from it with the velocity v,=0.75 v,, where v, is the 
velocity which it approaches the plate with. (1) What height does the 
ball rise to? (2) How much time passes from the moment the ball be- 
gins to move to its second impact with the plate? 

2.87. A metal ball falls from a height of h,=1 m onto a steel plate 
and jumps up toa height of h,=81 cm. Find the coefficient of restitu- 
tion of the ball material. 

2.88. A steel ball with a mass of m=20 g falls from a height of 
h,=1 m onto a steel plate and rebounds to a height of h,=81 cm. 
Find: (1) the impulse of the force received by the plate during the im- 
pact, (2) the amount of heat evolved during the impact. 

2.89. A moving body with a mass of m, strikes an immobile body 
with a mass of m,. Assuming the impact to be inelastic and central, 
find the part of the initial kinetic energy transformed into heat during 
the impact. First solve the problem in its general form, and then consi- 
der the cases when: (1) m,=m,, (2) m,=9 my. 

2.90. A moving body with a mass of m, strikes an immobile body 
with a mass of my. Assuming the impact to be elastic and central, 
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find the part of the initial kinetic energy transmitted by the first body 
to the second during the impact. First solve the problem in its general 
form, and then consider the cases when: (1) m,=m,, (2) m,=9 ma. 

2.91. A moving body with a mass of m, strikes an immobile body 
with a mass of m,. (1) What should the ratio of the masses m,/m, be 
to decrease the velocity of the first body 1.5 times with a central 
elastic impact? (2) What kinetic energy E, will the second body begin 
to move with in this case if the initial kinetic energy E, of the first 
body is 1 kJ? 

2.92. A neutron (mass m,) strikes an immobile nucleus of a carbon 
atom (m=12 m,). Assuming the impact to be central and elastic, 
one the reduction in the kinetic energy of the neutron after the im- 
pact. 

2.93. A neutron (mass mo) strikes an immobile nucleus of: (1) a 
carbon atom (m=12 mo), (2) an uranium atom (m=235 mo). Assum- 
ing the impact to be central and elastic, find the part of the velocity 
lost by the neutron during the impact. 

: .94. How much of its weight does a body lose on the equator due 
to the Earth’s rotation about its axis? 

2.95. In what time should the Earth make a full revolution for any 
body on the equator to be weightless? 

2.96. A tramcar with a mass of 5 tons runs over a curve having a ra- 
dius of 128 metres. Find the force which the wheels press laterally 
against the rails with if the speed is 9 km/h. 

2.97. A bucket with water attached to a rope 60 cm long uniformly 

rotates in a vertical plane. Find: (1) the minimum velocity of rotation 
of the bucket when the water will not spill out at the highest point, 
(2) the tension of the rope at this velocity at the highest and low- 
A of the circumference. The mass of the bucket with the water 
is 2 kg. 
2.98. A stone tied to a string with a length of / =50 cm uniformly 
rotates in a vertical piane. At what number of revolutions per second 
will the string break if it is known to do so under a load equal to the 
ten-fold weight of the stone? 

2.99. A stone tied to a string uniformly rotates in a vertical plane. 
Find the mass of the stone if the difference between the maximum and 
minimum tension of the rope is | kgf. 

2.100. A weight tied to a thread 30 cm long describes a circle with a 
radius of 15 cm in a horizontal plane. What number of revolutions per 
minute does the rotational velocity of the weight correspond to? 

2.101. A weight with a mass of 50 grammes tied to a thread 25 centi- 
metres long describes a circle in a horizontal plane. The weight rotates 
at 2 rev/s. Find the tension of the thread. 

2.102. A disk rotates at 30 rev/min around a vertical axis. A body 
lies on the disk at a distance of 20 cm from the axis of rotation. What 
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should the coefficient of friction between the body and the disk be so 
that the body will not slide off the disk? 

2.103. An airplane flying at 2 -@locity of 900 km/h loops a loop. 
What should the loop radius be so that the maximum force pressing the 
pilot against the seat is: (1) five times his weight, (2) ten times his 
weight? 

2.104. A motorcyclist rides over a level road with a speed of 72 km/h 
and makes a turn with a radius of 100 m. To what angle should he tilt 
his body to remain seated? 

2.105. A ball is suspended on a thread from the ceiling of a tramcar. 
The car negotiates a curve with a radius of 36.4 m at a speed of 9 km/h. 
Through what angle will the thread with the ball deviate? 

2.106. The rods of a centrifugal governor (Fig. 4) are 12.5 cm long. 
What number of revolutions per second does the centrifugal governor 
make if the weights deviated from the vertical 
during rotation through the angle: (1) 60°, 
(2) 30°? 

2.107. A highway has a curve with a bank 
of 10°, the radius of the curve being 100 m. 
What speed is the curve intended for? 

2.108. A weight of 1 kgf suspended on a thread 
deviates through an angle of 30°. Find the ten- 
sion of the thread at the moment the weight 
passes through the position of equilibrium. 

2.109. A boy swings around a “giant stride” 

Fig. 4 making 16 rev/min. The length of the ropes is 

5m. (1) What angle will the ropes of the “gi- 

ant stride” form with the vertical? (2) What is the tensicn of the ropes 

K the boy weighs 45 kgf? (3) What is the linear velocity of the swinging 
oy? 

2.110. A load with a mass of m=1 kg hanging on a weightless rod 
with a length of [=0.5 m oscillates in a vertical plane. (1) At what 
angle a of deviation of the rod from the vertical will the kinetic energy 
of the load in its bottom position be equal to E,=2.45 J? (2) How 
many times is the tension of the rod greater in the middle position than 
in the extreme one with this angle of deviation. 

2.111. A weight G is suspended on a weightless rod. The weight 
is moved through an angle of 90° and released. Find the tension of the 
rod when it passes through the position of equilibrium. 

2.112. A steel wire resists a load up to 300 kgf. A load with a mass 
of 150 kg is suspended from the wire. What is the maximum angle 
through which the wire with the load can be deviated so that it does 
not fail when the load passes through the position of ‘equilibrium? 

2.113. A stone weighing 0.5 kgf tied to a rope with a length of 
I=50 cm rotates uniformly in a vertical Plane. The tension of the 
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rope at the bottom point of the circumference T=44 N. What height 
will the stone rise to if the rope breaks the moment the velocity is di- 
rected vertically upward? 

2.114. Water flows along a horizontal pipe with a curve having a 
radius of r=20.0 m. Find the lateral pressure of the water caused by 
the centrifugal force. The pipe diameter d=20 cm, and M=300 tons 
of water pass through a cross section of the pipe per hour. 

2.115. Water flows along a horizontal channel 0.5 m wide and hav- 
ing a curve with a radius of 10 m. The velocity of the water is 5 m/s. 
Find the lateral pressure of the water caused by the centrifugal force. 

2.116. Find the work which must be done to compress a spring by 
20 cm if the force is proportional to the deformation and a force of 29.4 N 
compresses the spring by one centimetre. 

2.117. Find the maximum deflection of a leaf spring caused by a load 
placed on its middle if the static deflection of the spring due to the 
same load is x»=2cm. What will the maximum initial deflection be if 
the same load is dropped onto the middle of the spring from a height 
of h=] m with an initial velocity equal to zero? 

2.118. An acrobat jumps onto a net from a height of H,=8 m. At 
what minimum height kh, should the net be stretched above the floor 
so that the acrobat will not hit it when he jumps? If the acrobat jumps 
down from a height of H,=1 m, the net deflects by h,=0.5 m. 

2.119. A weight is placed on the pan of a balance. How many gradua- 
tions will be indicated by the balance pointer upon its first deviation 
if it shows 5 graduations after the oscillations stop? 

2.120. A load weighing 1 kgf falls onto the pan of a balance from a 
height of 10 cm. What will the balance show at the moment of impact? 
After the pan comes to a stop it will be lower by 0.5 cm under the 
weight of the load. 

2.121. What speed did a railway car with a mass of 20 tons move 
with if each buffer was compressed by 10 cm when the car struck a wall? 
It is known that the spring of each buffer is compressed by 1 cm under 
the action of a force of 1 tonf. 

2.122. A boy stretches the rubber cord of his catapult so that it 
becomes 10 cm longer. What velocity will a stone with a mass of 20 g 
be projected with? Stretching of the cord by 1 cm requires a force of 
l kgf. Disregard the resistance of the air. 

2.123. A spring carrying a load is attached to the bottom end of 
another spring suspended vertically. The deformation coefficient of 
the upper spring is k, and of the lower spring k,. Find the ratio between 
the potential energies of these springs, neglecting their weight with 
respect to that of the load. 

2.124. A rod whose weight may be neglected is suspended from two 
parallel springs of the same length. The deformation coefficients of 
the springs are k,=2 kgf/cm and k,=3 kgf/cm, respectively. The 


42 PROBLEMS [2.125—2.135 


length of the rod is equal to the distance between the springs L= 
=10 cm. What point on the rod should a load be attached to for the 
rod to remain horizontal? 

2.125. A rubber ball with a mass of m=0.1 kg flies horizontally 
with a certain velocity and strikes a ‘fixed vertical wall. During the 
time Af = 0.01 second the ball is compressed by Ax = 1.37 cm. The 
same time Af is spent to restore the initial shape of the ball. Find the 
mean force acting on the wall during the impact. 

2.126. A weight of G=4.9 N attached to a rubber cord with a 
length of lo describes a circle in a horizontal plane. The weight rotates 
with a frequency of v=2 rev/s. The angle through which the rubber 
cord is deflected from the vertical is a=30°. Find the length /, of 
the unstretched rubber cord. A force of F,=6.0N_ is required to stretch 
the cord by x,=1 cm. 

2.127. A load of G=0.5 kgf attached to a rubber cord with a length 
of [>= 9.5 cm is defiected through an angle of a=90° and released. 
Find the length / of the rubber cord when the load passes through the 
position of equilibrium. The deformation coefficient of the rubber 
cord k=1 kgf/cm. 

2.128. A ball with a radius of r=10 cm floats in water so that its 
centre is at a height of h=9 cm above the surface of the water. What 
work should be performed to submerge the ball up to the diametral 
plane? 

2.129. A ball with a radius of r = 6 cm is held by an external force 
under water so that its top touches the surface. The density of the ball 
material p=500 kg/m?. What work will be performed by the force of 
expulsion if the ball is released and allowed to float freely? 

2.130. A ball with a diameter of D=30 cm floats in water. What 
work should be performed to submerge the ball deeper by h=5 cm? 
The density of the ball material p=500 kg/m. 

2.131. A block of ice with an area of A=1 m* and a height of h= 
=0.4 m floats in water. What work should be performed to submerge 
the ice block completely into the water? 

2.132. Find the force of attraction between two protons which are at 
a distance of r=10-*% m from each other. The mass of a proton m= 
=1.67 x 10-* kg. Regard the protons as point masses. 

2.133. Two copper balls with diameters of d,=4 cm and d,=6 cm 
are in contact with each other. Find the gravitational potential energy 
of this system. 

_. 2.184. Calculate the gravity constant knowing the Earth’s radius R, 
its mean density p and the acceleration of gravity g near the Earth (see 
the tables in the Appendix). 

2.135. Taking the acceleration of gravity at the Earth's surface 
equal to g = 9.80 m/s? and using the data in Table III of the Appen- 
dix, compile a table for the average densities of the solar planets. 
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2.136. A cosmic rocket flies to the Moon. At what point of the 
straight line connecting the centres of the Moon and Earth will the 
rocket be attracted by the Earth and the Moon with the same force? 

2.137. Compare the acceleration of gravity on the Moon with that 
on the Earth. 

2.138. How will the period of oscillations of a mathematical pendu- 
lum transferred from the Earth to the Moon change? 

Note. The formula for the period of oscillations of a mathematical 
pendulum is given in Section 12. 

2.139. Find the numerical value of the first cosmic velocity, i.e., 
the velocity to be imparted to a body in a horizontal direction at the 
Earth’s surface for the body to begin moving around the Earth as a sa- 
tellite in a circular orbit. 

2.140. Find the numerical value of the second cosmic velocity, 
i.e., the velocity to be imparted to a body at the Earth’s surface for 
the body to overcome the Earth's force of gravity and depart from the 
Earth forever. 

2.141. Taking the acceleration of gravity at the Earth’s surface equ- 
al to g=980 cm/s? and using the data in Table III of the Appendix, 
compile a table for the first and second cosmic velocities (in km/s) at 
the surfaces of the solar planets. 

2.142. Find the linear velocity with which the Earth moves along 
its orbit. Assume the Earth's orbit to be circular. 

2.143. With what linear velocity v will an artificial satellite of the 
Earth move in a circular orbit: (1) at the Earth’s surface (disregard the 
resistance of the air), (2) at an altitude of h,=200 km and A,=7,000 
km? Find the period of revolution 7 of an artificial satellite around the 
Earth in these conditions. 

2.144. (1) Find the relationship between the period of revolution of 
an artificial satellite moving in a circular orbit at the surface of a cen- 
tral body and the density of this body. (2) Use the data obtained in solv- 
ing Problem 2.135 to compile a table for the periods of revolution of 
artificial satellites moving in a circular orbit at the surfaces of the 
solar planets. 

2.145. Find the centripetal acceleration with which an artificial 
satellite of the Earth moves in a circular orbit at an altitude of 200 km 
from the Earth’s surface. 

2.146. The planet Mars has two satellites—Phobus and Deimos. The 
former is at a distance of R,=9,500 km from the centre of Mars and 
the latter at a distance of R¿=24,000 km. Find the periods of revolu- 
tion of these satellites around Mars. 

2.147. An artificial satellite of the Earth moves in a circular orbit 
in the plane of the equator from west to east. At what distance from 
the Earth's surface should the satellite be for it to remain immobile 
with respect to an observer on the Earth? 
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2.148. An artificial satellite of the Moon moves in a circular orbit 
at a distance of 20 km from the Moon’s surface. Find the linear velocity 
of the satellite and its period of revolution around the Moon. 

2.149. Find the numerical values of the first and second cosmic ve- 
locities for the Moon (see the conditions of Problems 2.139 and 2.140). 

2.150. Find the relationship between the acceleration of gravity and 
the altitude above the Earth’s surface. At what altitude will the acce- 
leration of gravity be 25 per cent of that at the Earth’s surface? | 

2.151. At what distance from the Earh’s surface is the acceleration 
of gravity equal to 1 m/s*? 

2.152. How many times is the kinetic energy of an artificial Earth's 
satellite moving in a circular orbit smaller than its gravitational po- 
tential energy? 

2.153. Find the change in the acceleration of gravity when a body 
is lowered to a depth of h. At what depth will the acceleration of 
gravity be 25 per cent of that at the Earth's surface? Consider 
the Earth's density to be constant. 

Note. Remember that a body lying at a depth of kh under the Earth's 
surface is not attracted by the overlying spherical layer with a thick- 
ness of h since the attraction by separate layers is mutually compen- 
sated. 

2.154. What is the ratio between the height H of a mountain and 
the depth A of a mine if a pendulum swings with the same period at the 
top of the mountain and at the bottom of the mine? 

Note. The formula for the period of oscillations of a mathematical 
pendulum is given in Section 12. 

2.155. Find the period of revolution of an artificial planet around 
the Sun if the major semiaxis of the planet’s elliptical orbit is greater 
than that of the Earth’s orbit by 24 million kilometres. 

2.156. An artificial planet moves in almost a circular orbit. Assum- 
ing the planet’s orbit to be circular, find the linear velocity of its moti- 
on and the period of its revolution about the Sun, knowing the Sun’s 
diameter and mean density. The mean distance from the planet to the 
Sun R=1.71x10* km. 

2.157. The major axis of the orbit of the world's first artificial satel- 
lite of the Earth was smaller than that of the orbit of the second satel- 
lite by 800 km. The period of revolution of the first satellite around the 
Earth at the beginning of motion was 96.2 min. Find: (1) the major 
axis oí the orbit of the second artificial satellite, (2) the period of its 
revolution about the Earth. 

2.158. The minimum distance of the spaceship “Vostok-2” from the 
Earth's surface was 183 km and the maximum distance 244 km. Find 
the period of revolution of the spaceship about the Earth. 

2.159. A ring is made of thin wire with a radius of r. Find the force 
with which this ring will attract a material particle with a mass of m 
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on the axis of the ring at a distance of L from its centre. T ius of 
the ring is R and the density of the wire material is p. PE 

2.160. A ring is made of thin copper wire having a radius of 1 mm. 
The radius of the ring is 20 cm. (1) Find the force F with which the ring 
attracts a material particle with a mass of 2 g on the axis of the ring at 
a distance of L=0, 5, 10, 15, 20 and 50 cm from its centre. Compile 
a table of the values of F and draw a diagram showing the relation- 
ship F=f(L). (2) At what distance L,,,, from the centre of the ring 
will the force of interaction between the ring and the material particle 
be maximum? (3) Find the numerical value of the maximum force 
of interaction between the ring. and the material particle. 

2.161. The force of interaction F between a wire ring and a material 
particle on the axis of the ring is maximum when the particle is at a 
distance of L,,,, from the centre of the ring. How many times is the 
force of interaction between the ring and the material point located 
at a distance of L=0.5L,,,, from the centre of the ring smaller than 
the maximum force? 


8. Rotational Motion of Solids 


The moment M of the force F with respect to any axis of revolution 
is determined by the formula 


M=FI 


where | is the distance from the axis of revolution to the straight line 
along which this force acts. 
The moment of inertia of a material particle relative to any axis of 
revolution is 
I=mr* 


where m = mass of the material particle 
r = distance from the particle to the axis. 
The moment of inertia of a solid with respect to its axis of revolution 
is 


=$ r* dm 
where integration should be extended over the entire volume of the 
body. The following: formulas can be obtained by integration: 


1. The moment of inertia of a solid homogeneous cylinder (disk) 
with respect to the cylinder axis 


l 3 
= y mr 


where r = radius of the cylinder 
m = mass of the cylinder, 
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2. The moment of inertia of a hollow cylinder (hoop) with an inter- 
nal radius r, and an external radius r, relative to the cylinder axis 


Ath 
[=m—== 


For a thin-walled hollow cyiinder r,=x r,= r and 
l=mr* 


3. The moment of inertia of a homogeneous ball with a radius r re- 
lative to the axis passing through its centre 


= 2 2 
= ¿mr 


4. The moment of inertia of a homogeneous rod relative to an axis 
passing through its middle perpendicular to its length | 


l= jm 


If the moment of inertia /, of any body relative to an axis passing 
through its centre of gravity is known, the moment of inertia with 
respect to any axis parallel to the first one can be found from Steiner’s. 
theorem (also called the parallel-axis theorem) 


1=I -+ md? 


where m = mass of the body 
d = distance from the centre of gravity of the body to its axis 
of revolution. 
The fundamental law of dynamics of rotational motion is expressed 
by the equation 
Mdt=d (lo) 


where M = moment of the forces applied to a body whose moment of 
inertia is equal to / 
œ = angular velocity of rotation of the body. 
If ] = const, then 


do 
M=] T = la 
where æ is the angular acceleration acquired by the body under the ac- 


tion of the torque M. 
The kinetic energy of a rotating body 


where J] = moment of inertia of the body 
© = its angular velocity. N 
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The equations of the dynamics of rotational motion a d 
with those of ianislatiohal motion in Table 6. ARES 


TABLE 6 
a a a2 
Translational motion | Rotational motion 


q€- --á7]7 € 


Newton's second law 


FAt = mu, — mu, = Py — Py MAt = loz — lo, 
or or 
F=ma M a la 
Law of conservation of momentum a conservation of angular mo- 
Zp = Emu = const 2/w = const 


Work and kinetic energy 


2 2 2 
mu; lo; = lo; 


W= Mp = 2 
M=- 





The period of small oscillations of a physical pendulum 


1 
T =2n V = 
where /=moment of inertia of the pendulum relative to its axis of 
revolution 
m=mass of the pendulum 
d=distance from the axis of revolution to the centre of gravity 
=acceleration of gravity. 

3.1. Find the moment of inertia and the angular momentum of the 
Earth relative to its axis of revolution. 

3.2. Two balls with the radii r,=r,=5 cm are attached to the ends 
of a thin rod with a weight much smaller than that of the balls. The 
distance between the centres of the balls R=0.5 m. The mass of each 
ball m=1 kg. Find: (1) the moment of inertia /, of this system with 
respect to an axis passing through the middle of the rod perpendicular 
to its length, (2) the moment of inertia /, of this system relative to the 
Same axis assuming the balls to be material particles whose masses are 
concentrated at their centres, (3) the relative error 6= > made 
in calculating the moment of inertia of this system when we use /, 
instead of /,. 

3.3. A constant tangential force F=98.1 N is applied to the rim of 
a homogeneous disk with a radius of r=0.2 m. When the disk rotates, 
it is acted upon by the moment of friction forces M,,=0.5 kgl -m. 
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Find the weight G of the disk when it rotates with a constant angular 
acceleration of a=100 rad/s?. 

3.4. A homogeneous rod with a length of | m and a weight of 0.5 kgf 
rotates in a vertical plane about a horizontal axis passing through the 
middle of the rod. What angular acceleration will the rod rotate with 
if the rotational moment is 9.81 x 10-? N -m? 

3.5. A homogeneous disk with a radius of r=0.2 m and a weight 
of G=5 kgf rotates around an axis passing through its centre. The 
relation between the angular velocity of disk rotation and the time is 
described by the equation o=A-+B?, where B=8 rad/s?. Find the 
tangential force applied to the rim of the disk. Disregard friction. 

3.6. A flywheel with the moment of inertia /=63.6 kg-m? rotates 
with a constant angular velocity #=31.4 rad/s. Find the braking mo- 
ment M which stops the flywheel in ¢=20 seconds. 

3.7. A tangential force of 10 kgf is applied to the rim of a wheel 
having the form of a disk with a radius of 0.5 m and a mass m=50 kg. 
Find: (1) the angular acceleration of the wheel, (2) in what time after 
the force is applied will the wheel rotate at 100 rev/s. 

3.8. A flywheel with a radius of r=0.2 mand amassof m=10 kg 
is connected to a motor by means of a drive belt. The tension of the 
belt which runs without slipping is constant and equals T=14.7 N. 
What number of revolutions will be developed by the flywheel per se- 
cond in At=10 seconds after motion begins? Consider the flywheel as 
a homogeneous disk. Disregard friction. 

3.9. A flywheel with a moment of inertia of 245 kg -m? rotates at 
20 rev/s. The wheel stops in one minute after the torque stops acting on 
it. Find: (1) the moment of the forces of friction, (2) the number of re- 
volutions completed by the wheel from the moment the forces stop 
acting on it until it stops. 

3.10. Two weights G,=2 kgf and G,=1 kgf are linked by a thread 
and thrown over a pulley weighing G=1 kgf. Find: (1) the accelera- 
tion a with which the weights move, (2) the tensions 7, and T, of the 
threads which the weights are attached to. Consider the pulley as a 
homogeneous disk. Disregard friction. 

3.11. A load with a mass of m=2 kg is attached to the end of a cord 
wrapped around a drum having a mass of M=9 kg. Find the accelera- 
tion of the load. Consider the drum to be a homogeneous cylinder. Dis- 
regard friction. 

3.12. A load of G,=10 kgf is attached to the end of a cord wrapped 
around a drum with a radius of r=0.5 m. Find the moment of inertia 
of the drum if the load is lowered with an acceleration of a=2.04 m/s?. 

3.13. A load of G,=0.5 kgf is attached to the end of a cord wrapped 
around a drum with a radius of r=20 cm. The moment of inertia of 
the drum /=0.1 kg-m*. Before the drum begins to rotate, the height 
of the load G, above the floor is h,=1 mh Find: (1) the time needed 
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by the load to reach the floor, (2) the kinetic energy of the load at the 
moment of impact against the floor, (3) the tension of the cord. Dis- 
regard friction. 

3.14. Two different weights are connected by a thread passing over 
a pulley whose moment of inertia /=50 kg-m? and radius r=90 cm. 
The pulley rotates with friction and the moment of the friction forces 
M,,=98.1 N-m. Find the difference in the tensions of the thread T,— 
— T, on both sides of the pulley if it rotates with a constant angular 
acceleration a@=2.36 rad/s?. 

3.15. A pulley weighing G=1! kgf is secured to the edge of a table 
(see Fig. 1 and Problem 2.31). The equal weights A and B (G,=G,= 
= | kgf) are linked by a thread thrown over the pulley. The coefficient 
of friction of the weight B against the table f=0.1. Consider the pulley 
to be a homogeneous disk and disregard the friction in the pulley. 
Find: (1) the acceleration which the weights move with, (2) the tensi- 
ons T, and T, of the threads. 

3.16. A disk weighing 2 kgf rolls without slipping over a horizontal 
plane with a velocity of 4 m/s. Find the kinetic energy of the disk. 

3.17. A ball 6 cm in diameter rolls without slipping over a horizon- 
tal plane with a velocity of 4 rev/s. The mass of the ball is 0.25 kg. 
Find the kinetic energy of the rolling ball. 

3.18. A hoop and a disk have the same weight G and roll without 
slipping with the same linear velocity v. The kinetic energy of the hoop 
E,=4 kgf-m. Find the kinetic energy of the disk E,. 

3.19. A ball with a mass of m=1 kg rolls without slipping, strikes 
a wall and rolls back. Before the impact the velocity of the ball v,= 
=10 cm/s and after the impact v,=8 cm/s. Find the amount of heat Q 
evolved during the impact. 

3.20. Determine the relative error obtained in calculating the kine- 
tic energy of a rolling ball if rotation of the ball is neglected. 

3.21. Á disk with a weight of 1 kgf and a diameter of 60 cm rotates 
about an axis passing through its centre perpendicular to-its plane at 
20 rev/s. What work should be performed to stop the disk? 

3.22. The kinetic energy of a shaft rotating at a constant velocity 
of 5 rev/s is 60 J. Find the angular momentum of the shaft. 

3.238. Find the kinetic energy of a cyclist riding at a speed of v= 
=9 km/h. The cyclist with his bicycle weighs G=78 kgf, and the 
wheels G,=3 kgf. Consider the bicycle wheels as hoops. 

3.24. A boy drives a hoop over a horizontal path with a speed of 
7.2 km/h. Over what distance can the hoop run uphill at the expense of 
its kinetic energy? The slope of the hill is 1 in 10. 

3.25. What is the minimum height A from which a cyclist can start 
to travel by inertia (without friction) over a path in the form of a loop 
with a radius of R=3 m so as not to leave the path at the top of the 
loop? The mass of the cyclist together with the bicycle m = 75 kg, 
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the mass of the wheels being m,=3 kg. Consider the bicycle wheels as 
hoops. 

326. A copper ball with a radius of r=10 cm rotates with a velo- 
city corresponding to v = 2 rev/s about an axis passing through its 
centre. What work should be performed to increase the angular velocity 
of rotation of the ball twofold? 

3.27. Find the linear accelerations of the centres of gravity of: 
(1) a ball, (2) a disk, and (3) a hoop, which roll without slipping down 
an inclined plane. The angle of inclination is 30°, and the initial ve- 
locity of all the bodies is zero. (4) Compare these accelerations with 
that of a body which slides off the inclined plane without friction. 

3.28. Find the linear velocities of the centres of gravity of: (1) a 
ball, (2) a disk, and (3) a hoop, which roll without slipping down an 
inclined plane. The height of the inclined plane h=0.5 m, and the 
initial velocity of all the bodies is zero. (4) Compare these velocities 
with that of a body which slides off the inclined plane without friction. 

3.29. The surfaces of two cylinders—aluminium (solid) and lead 
(hollow)—having the same radius r=6cm and the same weight G= 
=0.5 kgf are painted the same colour. (1) How can the cylinders be 
distinguished by observing their translational velocities at the base of 
the inclined plane? (2) Find the moments of inertia of these cylinders. 
(3) How much time does it take each cylinder to roll down the inclined 
plane without slipping? The height of the inclined plane k=0.5 m and 
its angle of inclination a = 30°. The initial velocity of each cylinder 
is zero. 

’ 3.80. A wheel is uniformly retarded by braking and its velocity of 
rotation drops from 300 to 180 rev/min in one minute. The moment of 
inertia of the wheel is 2 kg-m*. Find: (1) the angular acceleration of 
the wheel, (2) the braking moment, (3) the work of braking, (4) the 
number of revolutions completed by the wheel during this minute. 

3.31. A fan rotates with a velocity of 900 rev/min. When its motor 
is switched off, the fan has uniformly retarded rotation and makes 
75 revolutions before it stops. The work of the braking forces is 44.4 J. 
Find: (1) the moment of inertia of the fan, (2) the moment of the fric- 
tion force. 

3.32. A flywheel with a moment of inertia of /=245 kg -m? rotates 
at 20 rev/s. After the action of the torque is discontinued, the wheel 
stops upon completing 1,000 revolutions. Find: (1) the moment of the 
friction forces, (2) the time which elapses from the moment the action 
of the torque discontinues to the moment when the wheel stops. 

3.33. A load of 1 kgf is fixed to the end of a thread passing around 
the rim of a pulley fitted on the same axle as a flywheel. Over what di- 
stance should the load lower for the wheel and the pulley to acquire 
a velocity of 60 rev/min? The moment of inertia of the wheel and the 
pulley is 0.42 kg -m?, and the pulley radius is 10 cm. 
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3.34. A flywheel begins to rotate with a constant angular accelera- 
tion of a=0.5 rad/s? and acquires an angular momentum /o= 
=73.5 kg -m?/s in t,=15 seconds after motion begins. Find the kine- 
tic energy of the wheel in f,= 20 seconds after rotation begins. 

3.35. A flywheel rotates with a constant velocity corresponding to 
v=10 rev/s and its kinetic energy E,= 800 kgf-m. In what time will 
the torque M = 50 N-m applied to the flywheel double its angular 
velocity? 

3.36. A constant tangential force F=2 kgf is applied to the rim of 
a disk with a mass of m=5 kg. What kinetic energy will be imparted 
to the disk in At=5 seconds after the force begins to act? 

3.37. Through what angle should a homogeneous rod suspended 
from a horizontal axis passing through the upper end of the rod devi- 
ate for the lower end of the rod to move at 5 m/s when it passes through 
the position of equilibrium? The rod is 1 m long. 

3.38. A homogeneous rod 85 cm long is suspended from a horizontal 
axis passing through its upper end. What minimum velocity should 
be imparted to the lower end of the rod to make it complete one full 
revolution about the axis? 

3.39. A pencil placed vertically on a table falls down. What will 
the angular and linear velocities be at the end of the fall of: (1) the 
middle of the pencil, (2) its upper end? The pencil is 15 cm long. 

3.40. A horizontal platform with a mass of 100 kg rotates at 
10 rev/min around a vertical axis passing through its centre. A man 
weighing 60 kgf is standing on its edge. What velocity will the plat- 
form begin to rotate with if the man moves from the edge of the plat- 
form to its centre? Regard the platform as a circular homogeneous disk 
and the man as a point mass. 

3.41. What work will be performed by a man moving from the edge 
of the platform to its centre in the conditions of the previous problem? 
The radius of the platform is 1.5 m. 

3.42. A horizontal platform with a weight of 80 kgf and a radius of 
1 m rotates at an angular velocity corresponding to 20 rev/min. A man 
stands in the centre of the platform and holds weights in his out- 
stretched hands. How many revolutions will the platform make per 
minute if the man lowers his hands, thus reducing his moment of 
inertia from 2.94 kg-m? to 0.98 kg-m*? Consider the platform as a 
circular homogeneous disk. 

3.43. How many times will the kinetic energy of the platform with 
the man increase in the previous problem? 

3.44. A man weighing 60 kgf stands on an immobile platform with 
a mass of 100 kg. What number of revolutions will be made by the 
platform a minute if the man moves along a circle with a radius of 5m 
around the axis of rotation? The man moves relative to the platform 
with a velocity of 4 km/h. The radius of the platform is 10 m. Consider 
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the platform as a homogeneous disk and the man as a point 
mass. 

3.45. A homogeneous rod oscillates in a vertical plane about a hori- 
zontal axis passing through its top. The length of the rod /=0.5 m. 
Find the period of oscillations of the rod. 

3.46. Find the period of oscillations of the rod in the previous pro- 
blem if the axis of rotation passes through a point 10 centimetres 
from its top end. 

3.47. Two weights are attached to the ends of a vertical rod. The 
centre of gravity of these weights is below the middle of the rod by 
d=5 cm. Find the length of the rod if the period of small oscillations 
of the rod with the weights around a horizontal axis passing through 
its centre T=2 sec. Neglect the weight of the rod with respect to that 
of the weights. 

3.48. A hoop 56.5 cm in diameter hangs on a nail hammered into 
a wall and performs small oscillations in a plane parallel to the wall. 
Find the period of the oscillations. 

3.49. What should be the minimum length / of a thread on which 
a homogeneous ball with a diameter of D=4 cm is suspended to regard 
this ball as a mathematical pendulum in determining the period of 
small oscillations? The error made when assuming this should not ex- 
ceed 1 per cent. 

3.50. A homogeneous ball is suspended from a thread with a length 
equal to the radius of the ball. How many times is the period of small 
oscillations of this pendulum greater than that of a mathematical pen- 
dulum suspended at the same distance from the centre of gravity? 


4. Mechanics of Fluids 


Liquids and gases are also known under the common name of fluids. 
The steady motion of an ideal incompressible fluid is described by the 
Bernoulli equation 


p+ oy pgh = const 


where p=density of the fluid 

v=velocity of the fluid in the given cross section of the pipe 

h=height of this cross section above a certain level 

p= pressure. 
It follows from the Bernoulli equation that a fluid flows out from 
a small orifice with the velocity v=} 2gh, where h is the height of 
the surface of the fluid above the orifice. Since the same quantities of 
fluid pass through any cross section of a pipe, then A,v,=A,v,, where 
v, and v, are the velocities of the fluid in two sections of the pipe with 
the areas A, and Ag. N 
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The force of resistance acting on a ball falling in a vi fluid i 
determined by the Stokes formula g A 


F=6 nanru 


where E as of internal friction of the fluid (dynamic vis- 
cosity 
r=radius of the ball 
v=velocity of the ball. . 
The Stokes law is true only for laminar motion, when the volume of a 
fluid passing during the time ¢ through a capillary tube with the radius 
r and the length / can be determined from the Poiseuille formula 


__arttAp 
v= 8ln 


where y =dynamic viscosity of the fluid 
Ap=difference of pressures at the tube ends. 
The nature of motion of a fluid is determined by the dimensionless 
Reynolds number 
_Dvp _ Dv 
== y 


where D=quantity characterizing the linear dimensions of the body 
around which the fluid flows 
v=velocity of flow 
p=density 
n=dynamic viscosity. 

The ratio v=yn/p is known as the kinematic viscosity. The critical 
value of the Reynolds number which determines the transition from 
laminar to turbulent motion is different for bodies of different shape. 

4.1. Find the flow velocity of carbon dioxide gas along a pipe if 
0.51 kg of gas flows in half an hour through the cross section of the 
pipe. The density of the gas is 7.5 kg/m? and the pipe diameter is 2 cm 
(in Problems 4.1 through 4.9 the fluids are considered as ideal and in- 
compressible). 

4.2. The bottom of a cylindrical vessel nas a circular hole d=1 cm 
in diameter. The diameter of the vessel) D=0.5 m. Find the relation- 
ship between the velocity v with which the water level in the vessel 
drops and the height A of this level. Also determine the numerical value 
of this velocity for the height h=0.2 m. 

4.3. A vessel filled with water stands on a table. In its side the ves- . 
sel has a small orifice arranged at the distance h, from the bottom of the 
vessel and at the distance h, from the level of the water, which is con- 
stant. At what distance from the orifice (in a horizontal direction) 
will the jet of water fall onto the table? Solve the problem for the 


Re 
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e cases: (1) h,=25 cm and ha=16 cm, (2) h,=16 cm and 
h,=25 cm. 

4.4. A vessel A filled with water (Mariotte vessel) communicates 
with the atmosphere through a glass tube a passing through the throat 
of the vessel (Fig. 5) A faucet F is h¿=2 cm from the bottom of the 
vessel. Find the velocity with which the 
water flows out of the. faucet F when the 
distance between the end of the tube and 
the bottom of the vessel is: (1) h,=2 cm, 
(2) h,=7.5 cm, and (3) 4,=10 cm. 

4.5. A cylindrical tank with a height of 
h=1 m is filled with water up to its brim. 
(1) What time is required to empty the 
tank through an orifice in its bottom? The 
cross-sectional area of the orifice is 1/400 
of that of the tank. (2) Compare this time 
with that required for the same amount of 
water to flow out of the tank if the water 
level in the tank is maintained constant 
at a height of h=1 m from the orifice. 

Fig. 5 4.6. Water is poured into a vessel at 

a rate of 0.2 litre a second. What should 

the diameter d of an orifice in the bottom of the vessel be for the 
water to remain at a constant level of h=8.3 cm? 

4.7. What pressure will be built up by a compressor in a paint gun 
if a stream of liquid paint flows out of it with a velocity of 25 m/s? 
The density of the paint is 0.8 g/cm’. 








4.8. A liquid flows along a horizontal pipe AB (Fig. 6). The dif- 
ference between the levels of the liquid in tubes a and 6 is 10 cm. The 
diameters of tubes a and 6 are the same. Determine the velocity of the 
liquid flowing along pipe AB. 

4.9. Air is blown through a pipe AB (Fig. 7) at a rate of 15 litres 
per minute. The cross-sectional area of the broad portion of pipe AB 
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is 2 cm?, and of the narrow portion and of tube abc is 0.5 cm?. Find the 
difference Ah between the levels of the water poured into tube abc. 
Assume the density of air to be A 

equal to 1.32 kg/m?. A, a 

4.10. A ball rises to the surface B 
at a constant velocity in a liquid r, 
whose density is four times grea- c 
ter than that of the material of = 
the ball. How many times is the a 
force of friction acting on the ri- 
sing ball greater than its weight? 

4.11. What maximum velocity 
can be attained by a rain drop d= 
= 0.3 mm in diameter if the dynamic viscosity of air is 1.2x 
Xx 10-% g/cm -s? 

4.12. A steel ball 1 mm in diameter falls at a constant velocity of 
0.185 cm/s in a large vessel filled with castor oil. Find the dynamic 
viscosity of the oil. 

4.13. A mixture of lead pellets 3 mm and 1 mm in diameter is lo- 
wered into a tank with glycerine 1 m deep. How much later will the 
smaller pellets drop to the bottom than the greater ones? At the tempe- 
rature of the experiment the dynamic viscosity is 14.7 g/cm -s. 

4.14. A cork ball with a radius of 5 mm rises to the surface in a ves- 
sel filled with castor oil. What are the dynamic and kinematic visco- 
sities of the castor oil in the conditions of the experiment if the ball 
rises with a constant velocity of 3.5 cm/s? o 

4.15. A horizontal capillary tube with an internal radius of r= 
=] mm and a length of /=2 cm is inserted into the side surface of a 
cylindrical vessel having a radius of R=2 cm. The vessel is filled 
with castor oi! whose dynamic viscosity n=12 g/cm-s. Find the re- 
lationship between the velocity v with which the level of the castor 
oil sinks in the cylindrical vessel and the height h of this level above the 
pt tube. Determine the numerical value of this velocity for 
h=26 cm. 

4.16. A horizontal capillary tube with an internal radius of r= 
=1 mm and a length of [=1.5 cm is inserted into the side surface 
of a vessel. The latter is filled with glycerine whose dynamic viscosity 
isn=1.0 N-s/m*in the conditions of the experiment. The level of the 
glycerine in the vessel is kept constant at a height of A=0.18 m above 
the capillary tube. How much time is required for 5 cm’ of glycerine 
to flow out of the capillary tube? 

4.17. A horizontal capillary tube is inserted into the side surface 
of a vessel standing on a table at a height of h,=5cm from the bottom. 
The internal radius of the capillary tube r=1 mm and its length /= 
=1 cm. The vessel is filled with machine oil with a density of p= 


Fig. 7 
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=900 kg/m? and a dynamic viscosity of n=0.5 N-s/m?*. The level 
of the oil in the vessel is kept at a height of A,=50 cm above the capil- 
lary tube. Find the distance from the end cf the capillary tube (along 
: ls line) to the place where the stream of oil drops onto the 
able. 

4.18. A steel ball falls in a broad vessel filled with transformer oil 
having a density of p=900 kg/m’ and a dynamic viscosity of n= 
=0.8 N-s/m?. Assuming that the Stokes law is true when Re<0.5 (if 
in calculating Re the ball diameter is taken to be the quantity D), 
find the maximum diameter of the ball. 

4.19. Assuming that laminar motion of a fluid is retained in a cy- 
lindrical pipe when Re<3,000 (if when calculating Re the pipe dia- 
meter is taken to be the quantity D), show that the conditions of Prob- 
lem 4.1 correspond to laminar motion. The kinematic viscosity of the 
fluid is to be taken equal to v=1.33x10-* m?/s. 

4.20. Water flows along a pipe at a rate of 200 cm? per second. The 
dynamic viscosity of the water in the conditions of the experiment is 
0.001 N-s/m?. At what maximum pipe diameter will the water flow 
remain laminar? (See the conditions of the previous problem.) 


Chapter 2 


MOLECULAR PHYSICS AND THERMOD YNAMICS 


THERMAL UNITS 


The International System of Units (SI) incorporates the MKSD 
system designed for measuring thermal units (GOST 8550-61). Table 7 
gives the basic and the most important derived units used to measure 
thermal quantities in this system. 


TABLE 7 


Symbol of 
unit 


Dimension of 
quantity 





Quantity and symbol | Formula Unit 





Basic Units 





Length / — metre m ¿ 
Mass m — kilogramme kg m 
Time ¢ — second s t 
Temperature T — degree deg 0 
Derived Units 
Amount of heat Q=W=E | joule J lmt- 
pe pacity: “oP a C= 2 joule per degree J/deg | Pmi-20-1 
Entropy of a system |S =48 joule per degree J/deg | l2mt-29-2 
A _Q joule per kilogram- | J/kg-deg | (21-291 
Specific heat c = AT me-degree 
A S joule per kilogram- | J/kg- deg | (24-39-1 
Specific entropy tend me-degree 
Specific heat of phase] _ Q joule per kilogram- |} J/kg | l2t-# 
transition =n me 

Temperature gradient | grad F degree per metre deg/m |!-10 

A 

SA 

AQ 2mt-3 
Thermal flux ® Sir watt Ww [mt 
Surface radiation den- o watt per square | W/m? |mét-3 

sity, density of ther-| 9 = F metre 


mal flux 
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Table 7, concluded 
Quantity and symbol | Formula | Unit [ra of eae of 








Thermal conductivity Q watt per metre- | W/m-degj (mt-39-1 
A= 





coefficient degtee 
atA ii 
2 2{-1 
Thermal diffusivity a= È suare. mene per | m/s |e 
Coefficient of heat ® watt per square |W/m?-deg| mí-39-1 
transfer a = -IAT metre-degree 





GOST 8550-61 also allows the use of non-system units based on the 
calorie to measure thermal quantities (Table 8). 








TABLE 8 
Quantity Unit and its relation to SI units 
Amount of heat 1 calorie (cal) = 4.19 


J 
l kilocalorie (kcal) = 4.19 108 J 
Heat capacity and entropy of | | cal/deg = 4.19 J/deg 
a system 1 kcal/deg = 4.19108 J/deg 

Specific heat and specific entro- | 1 cal/g-deg = 4.19108 J/kg-deg 
1 keal/kg-deg = 4.19108 J/kg-deg 
cal/g = 4.19108 J/kg 
kcal/kg = 4.19108 J/kg 
cal/s = 4.19 W 
kcal/h = 1.163 W 
cal/em?-s = 4.19 10* W/m? 
keal/m?-h = 1.163 W/m? 
cal/em-s-deg = 4.19 10? W/m-deg 
kcal/m-h-deg = 1.163 W/m-deg 


Specific heat of phase transition i 
Thermal flux 1 
Density of thermal flux i 
Thermal conductivity coefficient 


Units of molar quantities are obtained from the units given in Tab- 
les 7 and 8 by replacing the gramme by the gramme-mole (mole) 
and the kilogramme by the kilogramme-mole (kmole), where a kilo- 
mole is the quantity of a substance whose mass in kilogrammes is equal 
to the molecular weight. 


EXAMPLES OF SOLUTIONS 


Example 1. A vessel with a volume of 20 litres contains 4 g of hydro- 
gen at a temperature of 27°C. Find the pressure of the hydrogen. 
Solution. Ideal gases obey the Mendeleyev-Clapeyron equation 


pV =" RT \ (1) 
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which relates the volume of a gas V, its pressure p, absolute tempera- 
ture T and mass M. In equation (1), R is the gas constant equal in SI 
units to 8.31Xx10* J/kmole -deg, u is the mass of one kilomole and 
M/p is the number of kilomoles. 
From equation (1) 
MRT 
PZA (2) 


In our case M=4Xx10"* kg, p=2 kg/kmole, T=27* C=300* K, 
V=20 1=2x107* m*. Upon inserting these data in equation (2), 
we obtain 

4x10-3x8.31 x 103x300 N a9 6X 10° N/m? 


P=————~3x2x10-? sm 
By using Table 4, the answer can be expressed in other units 
p= 2.5 x 10° N/m? = 1,880 mm Hg = 2.55 kgf/cm? = 2.46 atm 


Example 2. Find the specific heat of a polyatomic gas at a constant 
volume if the density of this gas in standard conditions is 7.95x 
x107t g/cm?. 

Solution. The specific heat at a constant volume is determined by the 
formula 

Ri 
Co = 24 (1) 
where R = gas constant 
i = number of degrees of freedom of a polyatomic gas 
p = mass of one kilomole of the gas. 
A formula for the density of a gas can be easily obtained from the Men- 
deleyev-Clapeyron equation 


M 
P=7=RT (2) 
From equations (1) and (2) 
_Ri p _ pi 
Co =F PRT ~ 2T (3) 


Since the gas is in standard conditions, p=1 atm=1.013x 
x105 N/m?, T=0° C= 273° K. For polyatomic gases i=6. 
Besides, in accordance with the initial conditions, p=7.95x 
x 107* g/cm*=0.795 kg/m’. By inserting these data in equation (3), 
we get c,=1,400 J/kg -deg. 

With the aid of Table 8, the result obtained can be expressed in 
cal/g -deg 


Cy = 1,400 J/kg-deg = cal/g - deg = 0.334 cal/g - deg 


1,400 
4.19x 103 
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5. Physical Fundamentals of the Molecular-Kinetic Theory and 
Thermodynamics 


Ideal gases conform to the Mendeleyev-Clapeyron equation of 


state 
M 


where p = pressure of a gas 
V = volume of the gas 
T = absolute temperature 
M = mass of the gas 
p = mass of one kilomole of the gas 
R = gas constant. 
The ratio x shows the number of kilomoles. 
In SI units the gas constant is numerically equal to R=8.31x 
x 10? J/kmole -deg. 
According to Dalton’s law, the pressure of a mixture of gases is 
equal to the sum of their partial pressures. By the partial pressure is 
meant the pressure which a gas of the mixture would have if it alone 


filled the entire volume at the given temperature. 
The basic equation of the kinetic theory of gases has the form 


2 F 2 
p=3NE,=N 


i 
13 


where n = number of molecules in a unit of volume 
E,= mean kinetic energy of the translational motion of one 


molecule 
m = mass of a molecule 
= mean square velocity of the molecules. 
These quantities are determined by the following formulas. 
The number of molecules in a unit of volume 


ae 
n= 


where Rx, is Boltzmann's constant (Ny is Avogadro's number). 
Since R=8.31x10% J/kmole-deg and N¿=6.02 x 10% kmole”!, 


then k=1.38x 10-23 J/deg=1.38Xx 10-** erg/deg. 
The mean kinetic energy of the translational motion of molecules 


ES=FRTO O, 
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The mean square velocity of molecules 
= BRT / 3kT 
y %= y a y E 


The energy of the thermal motion of molecules (internal energy 
of a gas) 


a 
where m = Na: 


Mi 
= aT 


where i is the number of degrees of freedom of the molecules. 
The relation between the molecular C and specific c heats can be de- 
termined from their definition: 


C=uc 
The molecular heat of a gas at a constant volume 
Cy= -7 R 
and at a constant pressure 
C,=C,+R 
The molecular heat is therefore determined by the number of degrees 
of freedom of the gas molecules. For a monoatomic gas i=3, and 
C, = 12.5 x 108 J/kmole- deg <& 3 cal/mole- deg 
C, = 20.8 x 10° J/kmole- deg = 5 cal/mole- deg 
For a hiatomic gas ¿=5, and 
C, = 20.8 x 10° J/kmole- deg & 5 cal/mole- deg 
C,= 29.1 x 10° J/kmole- deg & 7 cal/mole- deg 
For a polyatomic gas i=6, and 
C, = 24.9 x 103 J/kmole- deg = 6 cal/mole- deg 
C, = 33.2 x 10° J/kmole- deg = 8 cal/mole- deg 


The law of distribution of molecules by velocities (Maxwell’s 
law) can be used to find the number of molecules AN whose relative 
velocities are within the interval from u to u + Au 


_ 4 me 
MN Ne”* u*Au 
relative velocity 
= given velocity 


1 


Here u= — 
Upr 


e 
| 
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Up = the maximum probable velocity of molecules equal 
Ve 
Au = interval of the relative velocities, which is small in 
comparison with ù 
e = base of natural logarithms. 


In solving problems relating to the law of distribution of molecules 
by velocities, it is convenient to use Table 9, which gives the values of 


AN A 
+ — for various u. 











NAu 
TABLE 9 

AN AN AN 
u NAu u NAu 4 NAu 
0 0 0.9 0.81 1.8 0.29 
0.1 0.02 1.0 0.83 1.9 0.22 
0.2 0.09 1.1 0.82 2.0 0.16 
0.3 0.18 1.2 0.78 2.1 0.12 
0.4 0.31 1.3 0.71 2.2 0.09 
0.5 0.44 1.4 0.63 2.3 0.06 
0.6 0.57 1.5 0.54 2.4 0.04 
0.7 0.68 1.6 0.46 2.5 0.03 

0.8 0.76 1.7 0.36 





The arithmetic mean velocity of molecules 
je / 
ny 
It is often important to know the number of molecules N, whose 
velocities exceed the given velocity u. Table 10 gives the values > = 
= f(u), where N is the total number of molecules. 





TABLE 10 
Nz Na 
e | wN 4 | N 








0 1.000 0.8 0.734 

0.2 0.994 1.0 0.572 

0.4 0.957 1.25 0.374 

0.5 0.918 1.5 0.213 

0.6 0.868 2.0 0.046 

0.7 0.806 2.5 0.0057 
N 
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The barometric formula describes the law of reduction of the pres- 
sure of a gas with altitude in the gravity field 


Hgh 
Pa= poe R7 


Here p,= gas pressure at the altitude h 
Po= pressure at the altitude h=0 
g = gravity acceleration. 
The formula is approximate, since the temperature T cannot be assumed 
identical for great differences in altitude. 
The mean free path of gas molecules 
(sed 
z YV 2no%n 





where v = arithmetic mean velocity 
z = mean number of collisions of each molecule with the others 
in a unit of time 
o = effective diameter of a molecule 
n = number of molecules in a unit of volume. 
The total number of collisions of all the molecules in a unit of volume 
per unit of time is 


Z= zn 


vj — 


The mass M transferred during the time Af in diffusion is de- 
scribed by the equation 


M=—D “2 AAAt 
Ax 


where SE = density gradient in a direction perpendicular to the 


area AA 
D = diffusion coefficient equal to 


1 — 
D= 7 ul 


Here v = mean velocity 


i= mean free path of the molecules. 
The momentum transferred by the gas during the time A¢ determines 
the force of internal friction F in the gas 


F= 5754 
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where x = velocity gradient of gas flow in a direction perpendicular 
to the area AA 
n = coefficient of internal friction (dynamic viscosity). 
1 2 
n= 3 lp 
The amount of heat Q transferred during the time At by con- 
duction is 
AT 


ar 


where ag 


= temperature gradient in a direction perpendicular to 
the area AA 
à = thermal conductivity coefficient equal to 
1 .- 
h = 3 Ulcop 
The first law of thermodynamics can be written as 
dQ =dU +dW 
where dQ = amount of heat received by a gas 
dU = change in the internal energy of the gas 
dW=pdV = the work performed by the gas upon a change in its 
volume. 
The change in the internal energy of the gas is 
Mi 
dU = ae RdT 


where dT is the change in the temperature. The total work upon 
a change in the volume of the gas is 


Vs 
W = \ pdV 
j 
The work performed upon an isothermal change in the volume 
of a gas 
=RT A log, Ya 
W=RT i log, 7 
The pressure and volume of a gas are related in an adiabatic 
process by Poisson's equation 
pV* = const 


Pr “ai NX 
Ds (7 


i. e, 
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where 


Poisson's equation can also be written in the form 


TV*-1 = const 


i.e., 
Da (y 
Ty NV, 
or E 
isn: 
Tp * =const 
Le., 


wot 1 
AN DN, 
Ta ( Ps ) ( Pr ) 
The work performed upon an adiabatic change in the volume 
of a gas can be found from the formula 


Y > EA [y (pet BEM (1- Ta) 20 TO 


—I V: “ip T (x—1NT, 








where p, and V, are the pressure and volume of the gas at the tempe- 
rature T. 
The equation of a polytropic process has the form 


pV” = const 
or 
PV? =P V3 


where n is the polytropic exponent (1 < n < x). 
The efficiency of a heat machine 


Qı—Q: 


= 
© Q 
where Q,= heat transmitted to the working body 
Q.= heat rejected to the low-temperature sink. 
For the ideal Carnot cycle 
_T,—Ty 
aa 
where T,= temperature of the high-temperature source 
T,= temperature of the low-temperature sink. 


5—3574 
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The difference between the entropies Ss— S, of two states B and A 
is described by the formula 


B 
d 
Sa—sa= |F 
A 


5.1. What is the temperature of 2 grammes of nitrogen occupying 
a volume of 820 cm! at a pressure of 2 atm? 

5.2. What volume is occupied by 10 grammes of oxygen at a pres- 
sure of 750 mm Hg and a temperature of 20° C? 

5.3. A cylinder with a capacity of 12 litres is filled with nitrogen at 
a pressure of 8.1 10° N/m? and a temperature of 17°C. How much 
nitrogen does the cylinder contain? 

5.4. The pressure of air inside a tightly sealed bottle was 1 atm at 
a temperature of 7° C. The cork flew out of the bottle when it was heat- 
ed. Find the temperature which the bottle was heated to if the cork 
flew out when the pressure of the air in the bottle was 1.3 atm. 

5.5. What can be the smallest volume of a cylinder containing 
6.4 kg of oxygen if the walls of the cylinder withstand a pressure of 
160 kgf/cm? at a temperature of 20° C? 

5.6. A cylinder contained 10 kg of gas at a pressure of 10” N/m2. 
Find the quantity of gas taken out of:the cylinder if the final pressure 
oe 2.5X 10° N/m?. Assume that the temperature of the gas is con- 
stant. 

5.7. Find the mass of sulphur dioxide gas (SO,) occupying a volume 
of 25 litres at a temperature of 27° C and a pressure of 760 mm Hg. 

5.8. Find the mass of the air in a hall 5 metres high with a floor 
area of 200 m?. The pressure of the air is 750 mm Hg and the tempera- 
ture in the room 17°C. (Assume that the mass of one kilomole of air is 
equal to 29 kg/kmole.) 

5.9: How many times is the weight of air filling a room in winter (7°C) 
greater than its weight in summer (37° C)? The pressure is the same. 

5.10. Plot isothermal lines for 0.5 gramme of hydrogen at the tem- 
peratures: (1) 0° C, and (2) 100°C. 

5.11. Plot isothermal lines for 15.5 grammes of oxygen at the tem- 
peratures: (1) 29°C, and (2) 180°C. 

5.12. How many kilomoles of gas are contained in a cylinder 10 m° 
in volume at a pressure of 720 mm Hg and a temperature of 17° C? 

5.13. Five grammes of nitrogen contained in a closed vessel 4 litres 
in volume at a temperature of 20° C are heated to 40° C. Find the pres- 
sure of the gas before and after heating. 

5.14. A column of mercury with a length of /= 20 cm is in the middle 
of a horizontal capillary tube evacuated and soldered at both ends. 
If the capillary tube is placed vertically, thé mercury column will 
shift through a distance of AJ = 10 cm. Determine the pressure to 
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which the capillary tube was evacuated. The length of the tube L = 
= m. 

5.15. There is a well known riddle: “What is heavier, a ton of lead 
or a ton of cork?” Determine how much the actual weight of the cork, 
which is 1 tonf in air, exceeds the actual weight of the lead, which is 
also 1 tonf in air. The temperature of the air is 17? C and the pressure 
760 mm Hg. 

5.16. What should the weight of the rubber skin of a balloon 25 cm 
in diameter filled with hydrogen be for the resulting lifting force of the 
balloon to equal zero, i.e., for the balloon to be suspended? The air 
and hydrogen are in standard conditions. The pressure inside the bal- 
loon is equal to the external pressure. 

5.17. The elasticity of saturated water vapours is 92.5 mm Hg at a 
temperature of 50° C. What is the density of the water vapours in these 
conditions. 

5.18. Find the density of hydrogen at a temperature of 15°C and 
a pressure of 730 mm Hg. 

5.19. The density of a gas is 0.34 kg/m at a temperature of 10° C 
and a pressure of 2x 10° N/m*. What is the mass of one kilomole of 
this gas? 

5.20. What is the density of air in a vessel evacuated to the maxi- 
mum rarefaction possible with up-to-date laboratory methods (p= 
=107 1! mm Hg)? The temperature of the air is 15°C. 

5.21. 12 grammes of gas occupy a volume of 4x 1073 m3 at a tempe- 
rature of 7° C. After the gas is heated at a constant pressure, its density 
becomes equal to 6X 10~* g/cm?. What is the temperature which the 
gas was heated to? 

5.22. 10 grammes of oxygen are subjected to a pressure of 3 atm at 
a temperature of 10°C. Heating at a constant pressure expanded the 
oxygen to 10 litres. Find: (1) the volume of the gas before expansion, 
(2) the temperature of ‘the gas after expansion, (3) the density of the 
gas before expansion, (4) the density of the gas after expansion. 

5.23. Water contained in a soldered vessel occupies a volume equal 
to half that of the vessel. Determine the pressure and density of the 
water vapours (steam) at a temperature of 400°C if all the water is 
converted into steam at this temperature. 

5.24. Plot a diagram showing how the density of oxygen depends 
on: (1) the pressure at a temperature of T=const=390°K (0< 
Sp <4 at at intervals of 0.5 at); (2) the temperature at p=const= 
=4 at (200° K<7T<300° K at intervals of 20°). 

5.25. A closed vessel with a capacity of 1 m? contains 0.9 kg of water 
and 1.6 kg of oxygen. Find the pressure in the vessel at a temperature 
of 500°C, at which all the water will be converted into steam. 

5.26. A vessel A with a capacity of V,=3 litres contains gas at a 
Pressure of pj=2 at, and a vessel B with a capacity of V,=4 litres 


5* 
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contains the same gas at a pressure of pj =1 at. The temperature is 
the same in both vessels. What pressure will the gas be under if vessels A 
and B are connected by a tube? 

5.27. A vessel with a volume of 2X 107? m? is filled with 6 grammes 
of carbon dioxide gas (CO,) and 5 grammes of nitrogen monoxide 
OO What is the total pressure in the vessel at a temperature of 
127° C? 

5.28. A vessel contains 14 grammes of nitrogen and 9 grammes of 
hydrogen at a temperature of 10°C and a pressure of 10° N/m?. Find: 
(1) the mass of one kilomole of the mixture, (2) the volume of the vessel. 

5.29. Diethyl ether (C,H,OC,H,) is introduced into a closed vessel 
with a volume of V=2 litres filled with air. The air is in standard con- 
ditions. After all the ether evaporates, the pressure in the vessel beco- 
mes ve to 1,050 mm Hg. How much ether was introduced into the 
vessel? 

5.30. A vessel with a capacity of 0.5 litre contains 1 gramme of va- 
porous iodine. The pressure in the vessel is 700 min Hg at a tempera- 
ture of 1,000° C. Determine the degree of dissociation of the iodine mo- 
lecules I, into atoms I in these conditions. The mass of one kilomole of 
I, is equal to 254 kg/kmole. 

5.31. A vessel is filled with carbon dioxide gas. At a certain tempe- 
rature the degree of dissociation of the carbon dioxide molecules into 
oxygen and carbon monoxide is 25 per cent. How many times will the 
pressure in the vessel in these conditions be greater than the pressure 
if the carbon dioxide molecules are not dissociated? 

5.32. Assuming that air contains 23.6 parts of oxygen and 76.4 parts 
of nitrogen, find the density of the air at a pressure of 750 mm Hg and 
a temperature of 13° C. Also determine the partial pressures of the oxy- 
gen and nitrogen in these conditions. 

5.33. A vessel contains a mixture of 10 grammes of carbon dioxide 
gas and 15 grammes of nitrogen. Find the density of this mixture at 
a temperature of 27°C and a pressure of 1.5x 105 N/m?. 

5.34. Determine the mass of an atom of: (1) hydrogen, (2) helium. 

5.35. A hydrogen molecule flying with a velocity of 600 m/s strikes 
the wall of a vessel perpendicularly and rebounds elastically without 
losing any of its velocity. Find the impulse of the force imparted to the 
wall during the impact. 

5.36. An argon molecule flies with a velocity of 500 m/s and elasti- 
cally strikes the wall of a vessel. The direction of the molecule velocity 
and a perpendicular to the wall form an angle of 60°. Find the impulse 
of the force imparted to the wall during the impact. 

5.37. A nitrogen molecule flies with a velocity of 430 m/s. Deter- 
mine the momentum of this molecule. 

5.38. What number of molecules is contained in 1 gramme of water 
vapour? 


5.39—5.52] MOLECULAR PHYSICS AND THERMODYNAMICS 69 


5.39. A vessel with a capacity of 4 litres contains 1 gramme of 
hydrogen. What number of molecules is present in 1 cm? of the vessel? 

5.40. What number of molecules is contained in a room 80 m in 
volume at a temperature of 17°C and a pressure of 750 mm Hg? 

5.41. How many molecules are present in 1 cm® of a vessel at 
10° C if it is evacuated to the highest rarefaction possible using up-to- 
date laboratory methods (p=10-1* mm Hg)? 

5.42. To obtain a good vacuum in a glass vessel, its walls should be 
heated during evacuation to remove the adsorbed gas. Calculate the 
possible increase of pressure in a spherical vessel with a radius of 
r=10cm if the adsorbed molecules pass into the vessel from the walls. 
The cross-sectional area of a molecule is 10-1 cm? and the layer is 
monomolecular. The temperature t=300°C. 

5.43. What number of particles is present in 1 gramme of vaporous 
iodine if its degree of dissociation is 50 per cent? The mass of one kilo- 
mole of iodine I, is 254 kg/kmole. 

5.44. How many particles are contained in 16 grammes of half dis- 
sociated oxygen? 

5.45. A vessel contains 10-?° kmole of oxygen and 10-* grammes of 
nitrogen. The temperature of the mixture is 100° C. The pressure in the 
vessel is 10-3 mm Hg. Find: (1) the volume of the vessel, (2) the partial 
pressures of the oxygen and nitrogen, (3) the number of molecules in 
1 cm? of the vessel. 

5.46. Determine the mean square velocity of air molecules at a tem- 
perature of 17°C assuming the air to be a homogeneous gas with the 
mass of one kilomole equal to p=29 kg/kmole. 

5.47. Find the relationship between the mean square velocities of 
the molecules of helium and nitrogen at the same temperatures. 

5.48. An explosion of an atomic bomb develops a temperature of 
about 10° degrees. Assuming that all the molecules are completely 
dissociated into atoms, and that the atoms are ionized, find the mean 
square velocity of a hydrogen ion. 

5.49. Find the number of hydrogen molecules in 1 cm? if the pres- 
sure is 200 mm Hg and the mean square velocity of the hydrogen mole- 
cules is 2,400 m/s in these conditions. 

5.50. The density of a gas is 6 x 10-* kg/m’ and the mean square 
velocity of the gas molecules is 500 m/s. Find the pressure exerted by 
the gas on the walls of the vessel. 

5.51. How many times is the mean square velocity of a dust particle 
suspended in air smaller than that of the air molecules? The mass of 
the particle is 10-* g. Assume the air to be a homogeneous gas with the 
mass of one kilomole equal to 29 kg/kmole. 

5.52. Determine the momentum of a hydrogen molecule at a tempe- 
Se 20° C. The velocity of the molecule is equal to the mean square 
velocity. 
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5.53. A vessel with a capacity of 2 litres contains 10 grammes of oxy- 
gen under a pressure of 680 mm Hg. Find: (1) the mean square velocity 
of the gas molecules, (2) the number of molecules in the vessel, (3) 
the density of the gas. 

5.54. Gamboge particles with a diameter of D=1 y participate in 
Brownian motion. The density of the gamboge p=1 g/cm*. Find the 
mean square velocity of the gamboge particles at f=0°C. 

5.55. The mean square velocity of the molecules of a certain gas 
is 450 m/s. The gas pressure is 5x 10* N/m*. Determine the density 
of the gas in these conditions. 

5.56. (1) Find the mean square velocity of the molecules of a gas 
whose density is 8.2 10-5 g/cm® at a pressure of 750 mm Hg. 
(2) What is the mass of one kilomole of this gas if its density is given 
for a temperature of 17° C? 

5.57. The mean square velocity of the molecules of a certain gas is 
461 m/s in standard conditions. How many molecules are contained 
in | gramme of this gas? 

5.58. What is the energy of the thermal motion of 20 grammes of 
oxygen at a temperature of 10° C? What part of this energy falls to the 
share of translational motion and of rotational motion? 

5.59. Determine the kinetic energy of the thermal motion of the 
molecules present in 1 gramme of air at a temperature of 15° C. Assume 
the air to be a homogeneous gas, the mass of one kilomole of which is 
equal to 29 kg/kmole. 

5.60. What is the energy of the rotational motion of the molecules 
contained in 1 kg of nitrogen at a temperature of 7° C? 

5.61. What is the energy of the thermal motion of the molecules of 
a biatomic gas enclosed in a vessel 2 litres in volume under a pressure 
of 1.5x 108 N/m?? 

5.62. The kinetic energy of translational motion of the nitrogen mo- 
lecules present in a cylinder having a volume of 0.02 m° is equal to 
5x 103 J, and the mean square velocity of the nitrogen molecules is 
2x 10% m/s. Find: (1) the quantity of nitrogen in the cylinder, (2) the 
pressure acting on the nitrogen. 

5.63. At what temperature will the mean kinetic energy of the ther- 
mal motion of helium atoms be sufficient for the helium atoms to over- 
come the gravitational force of the Earth and leave the atmosphere 
forever? Also solve this problem for the Moon. 

5.64. One kilogramme of a biatomic gas is at a pressure of p= 
=8 x 10‘ N/m? and has a density of p = 4 kg/m’. Find the energy of 
thermal motion of the gas molecules in these conditions. 

5.65. What number of molecules of a biatomic gas occupy a volume 
oi V=10 cm? at a pressure of p=40 mm Hg and a temperature of 


t=27°C? What is the energy of the thermal motion of these mole- 
cules? 
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5.66. Find the specific heat of oxygen: (1) at V=const, and 
(2) at oe ae f 

5.67. Find the specific heat at constant pressure of the following ga- 
ses: (1) hydrogen chloride, (2) neon, (3) nitrogen oxide, (4) saben a 
noxide, and (5) mercury vapours. 

5.68. Determine for oxygen the ratio of the specific heat at constant 
pressure to the specific heat at constant volume. 

5.69. The specific heat at constant pressure for a biatomic gas is 
3.5 cal/g -deg. What -is the mass of one kilomole of this gas? 

5.70. What are the specific heats c, and c, of a biatomic gas if its 
density is 1.43 kg/m* in standard conditions? 

5.71. Find the specific heats c, and c, of a gas if the mass of one kilo- 
mole of this gas is »=30 kg/kmole and the ratio c,/c,=1.4. 

5.72. How many times is the heat capacity of oxyhydrogen gas 
greater than that of the water vapours produced by the combustion of 
the gas? Solve the problem for the cases when (1) V=const, and 
(2) p=const. 

5.73. What is the degree of dissociation of oxygen if its specific 
heat is 1,050 J/kg -deg at constant pressure? 

5.74. Determine the specific heats c, andc, of vaporous iodine if its 
degree of dissociation is 50 per cent. The mass of one kilomole of iodine 
I, is equal to 254 kg/kmole. 

5.75. Determine the degree of dissociation of nitrogen if its ratio 
Cp/c, is equal to 1.47. 

5.76. Find the specific heat at constant pressure of a gas mixture 
consisting of 3 kmoles of argon and 2 kmoles of nitrogen. 

5.77. Find the ratio c,/cy for a gas mixture consisting of 8 grammes 
of helium and 16 grammes of oxygen. 

5.78. The specific heat of a gas mixture consisting of one kilomole 
of oxygen and several kilomoles of argon at constant volume is equal to 
430 J/kg -deg. How much argon is there in the gas mixture? 

5.79. Ten gramtnes of oxygen are under a pressure of 3 X 10° N/m? 
at a temperature of 10°C. After heating at constant pressure, the 
gas occupies a volume of 10 litres. Find: (1) the amount of heat received 
by the gas, (2) the energy of the thermal motion of the gas molecules 
before and after heating. 

5.80. Twelve grammes of nitrogen are contained in a closed vessel 
2 litres in volume at a temperature of 10° C. After heating, the pressure 
in the vessel becomes 10‘ mm Hg. What amount of heat has been recei- 
ved by the gas during heating? 

5.81. Two litres of nitrogen are under a pressure of 10° N/m*. What 
amount of heat should be imparted to the nitrogen: (1) to double its 
volume at p=const, (2) to double its pressure at V=const? 

5.82. A closed vessel contains 14 grammes of nitrogen under a pres- 
sure of 10° N/m? and a temperature of 27°C. After heating, the pres- 
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sure in the vessel increases five times. Find: (1) the temperature which 
the gas was heated to, (2) the volume of the vessel, (3) the amount of 
heat received by the gas. 

5.83. What amount of heat should be imparted to 12 grammes of 
oxygen to heat it by 50°C at a constant pressure? 

5.84. To heat 40 grammes of oxygen from 16°C to 40°C, 150 calo- 
ries are required. What conditions was the gas heated in (at a constant 
volume or a constant pressure)? 

5.85. A closed vessel 10 litres in volume contains air under a pres- 
sure of 10% N/m*. What amount of heat should be imparted to the air 
to increase the pressure in the vessel five times? 

5.86. (1) What amount of carbon dioxide gas can be heated from 
20° C to 100° C by an amount of heat of 0.053 kcal? (2) By how much 
will the kinetic energy of one molecule change? During heating the gas 
expands at p=const. 

5.87. A closed vessel with a volume of V=2 litres contains nitrogen 
with a density of p=1.4 kg/m’. What amount of heat Q should be 
imparted to the nitrogen to heat it by At=100°C in these conditions? 

5.88. A closed vessel 3 litres in volume contains nitrogen at a tem- 
perature of 27°C and a pressure of 3 at. After heating, the pressure in 
the vessel rose to 25 at. Find: (1) the temperature of the nitrogen after 
heating, (2) the quantity of heat received by the nitrogen. 

5.89. To heat a certain amount of gas by 50°C at a constant pres- 
sure 160 cal are required. If the same amount of gas is cooled by 100° C 
at a constant volume, 240 cal will be evolved. How many degrees of 
freedom do the molecules of this gas have? 

5.90. A closed vessel contains 10 grammes of nitrogen at a tempera- 
ture of 7° C. (1) What amount of heat should be imparted to the nitro- 
gen to double the mean square velocity of its molecules? (2) How 
many times will the temperature of the gas change? (3) How many 
times will the pressure of the gas on the walls of the vessel change? 

5.91. Helium is contained in a closed vessel with a volume of 2 lit- 
res at a temperature of 20°C and a pressure of 10° N/m?. (1) What 
amount of heat should be imparted to the helium to increase its tempe- 
rature by 100° C? (2) What will the mean square velocity of its molecu- 
les be at the new temperature? (3) What will the pressure be? (4) What 
will the density of the helium be? (5) What will the energy of the ther- 
mal motion of its molecules be? 

5.92. A closed vessel 2 litres in volume contains m grammes of ni- 
trogen and m grammes of argon in standard conditions. What quantity 
of heat should be imparted to this gas mixture to raise its temperature 
by 100°C? 

5.93. Find the mean arithmetic, the mean square and the most 
probable velocity of the molecules of a gas with a density of 0.3 gramme 
per litre at a pressure of 300 mm Hg. N 
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5.94. At what temperature is the mean square velocit i 
molecules higher than their maximum probable velocity oy pipe 

5.95. What part of oxygen molecules have a velocity from 100 m/s 
to 110 mS T 0° z i 

5.96. What part of nitrogen molecules have a velocity from 
to 325 m/s at‘ 150° C? ee 

5.97. What part of hydrogen molecules have a velocity from 
2,000 m/s to 2,100 m/s at 0° C? 

5.98. How many times is the number of molecules AN, whose velo- 
cities range from Y 7? to V o*-+-Av smaller than the number of molecu- 
les AN, whose velocities range from v,, to v,,+-Au? 

5.99. What part of nitrogen molecules at a temperature of 7 have 
velocities ranging from v,, to v,,-+Av, where Av=20 m/s? Solve the 
problem for: (1) T=400° K, and (2) T=900° K. 

5.100. What part of nitrogen molecules at a temperature of T= 
=150°C has velocities ranging from v,=300 m/s to v,=800 m/s? 

5.101. What part of the total number N of molecules has a velo- 
city: (1) higher than the maximum probable velocity, and (2) lower 
than the maximum probable velocity? 

5.102. A cylinder contains 2.5 grammes of oxygen. Find the number 
ei oxygen molecules whose velocities exceed the mean square velo- 
city. 

5.103. A vessel contains 8 grammes of oxygen at a temperature of 
1,600° K. How many oxygen molecules have a kinetic energy of trans- 
lational motion which exceeds E,= 6.65xX 10-*° J? 

5.104. The energy of charged particles is frequently measured in 
electron-volts. One electron-volt (1 eV) is the energy acquired by an 
electron when it passes through a potential difference of 1 V in an elect- 
ric field. 1 eV=1.6 x 10-' J (see Table 4 on p. 16) Find: (1) the 
temperature at which the mean kinetic energy of translational motion 
of the molecules is equal to 1 eV, (2) the temperature at which 50 per 
cent of all molecules have a mean kinetic energy of translational motion 
which exceeds | eV. 

5.105. The work of ionization of potassium atoms is 10° kcal/kg- 
atom. Determine the temperature of a gas at which 10 per cent of all 
the molecules have a kinetic energy of translational motion which ex- 
ceeds the energy required to ionize one atom of potassium. 

5.106. There is a Soviet high-altitude cosmic station on the moun- 
tain Aiaghez in Armenia at an altitude of 3,250 m above sea level. 
Find the air pressure at this altitude. Consider the temperature of the 
air constant and equal to 5°C. The mass of one kilomole of air is 
29 kg/kmole and the pressure of air at sea level is 760 mm Hg. 

5.107. At what altitude is the pressure of air equal to 75 per cent of 
that at sea level? Consider the temperature to be constant and equal 
to 0°C. 
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5.108. A passenger plane flies at an altitude of 8,300 m. To dispense 
with oxygen masks, a constant pressure, which corresponds to an alti- 
tude of 2,700 m, is maintained in the cabins with the aid of a compres- 
sor. Determine the difference between the pressures inside and outside 
a Take the mean temperature of the outside air as equal to 
0°C. 

5.109. Find in the previous problem how many times the density of 
the air in the cabin is higher than that outside if the ambient tempera- 
ture is —20° C and the temperature inside the cabin is +20° C. 

5.110. What is the weight of 1 m? of air: (1) at the Earth’s surface, 
(2) at an altitude of 4 km from the Earth's surface? Consider the air 
temperature constant and equal to 0° C. The air pressure at the Earth's 
surface is 10% N/m?. 

5.111. At what altitude is the density of a gas equal to 50 per cent 
of its density at sea level? Consider the temperature constant and equa! 
to 0°C. Solve the problem for: (1) air, and (2) hydrogen. 

5.112. When Perrin observed through a microscope the change in 
the concentration of suspended particles of gamboge with altitude, 
he used the barometric formula to determine Avogadro’s number ex- 
perimentally. One of his experiments showed that when the distance 
between any two layers is 100 », the number of suspended gamboge 
particles in one layer is double that in the other. The temperature of 
the gamboge was 20° C. The particles of gamboge 0.3x 10-* cm in 
diameter were suspended in a liquid whose density was 0.2 g/cm? less 
Ha that of the particles. Use these data to find Avogadro’s num- 

er. 

5.113. Determine the mean free path of carbon dioxide gas molecu- 
les at a temperature of 100° C and a pressure of 0.1 mm Hg. Take the 
diameter of a carbon dioxide gas molecule equal to 3.2 x 10-* cm. 

5.114. An ionization gauge installed in the third Soviet artificial 
satellite showed that 1 cm? of the atmosphere contained about a thou- 
sand million particles of gas at a height of 300 km from the Earth's 
surface. Find the mean free path of the gas particles at this height. 
Take the diameter of the particles equal to 2x 107** m. 

5.115. Find the mean free path of air molecules in standard condi- 
tions. Take the diameter of an air molecule equal to 3x 10-® cm. 

5.116. Find the mean number of collisions per second of carbon dio- 
xide gas molecules at a temperature of 100° C if the mean free path is 
8.7x10-* cm in these conditions. 

5.117. Find the mean number of collisions per second of nitrogen 
molecules at a temperature of t=27°C and a pressure of p= 
=400 mm Hg. 

5.118. A vessel with a volume of 0.5 litre contains oxygen in stan- 
dard conditions. Find the total number of collisions between the oxygen 
molecules in this volume during 1 second. N 
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5.119. How many times will the number of collisions per second of 
the molecules of a biatomic gas decrease if the volume of the gas in- 
creases adiabatically twofold? 

5.120. Find the mean free path of nitrogen molecules at a tempera- 
ture of 17°C and a pressure of 10* N/m2. 

5.121. Find the mean free path of helium atoms for conditions when 
the density of the helium p=2.1 x 10-? kg/m’. 

5.122. What is the mean free path of hydrogen molecules at a pres- 
sure of p=10-* mm Hg and a temperature of t=50* C? 

5.123. The mean free path of oxygen molecules is 9.5x 1078 m at 
0° C and a certain pressure. What is the mean number of collisions of 
the oxygen molecules per second if the vessel is evacuated to 0.01 of 
the initial pressure? The temperature is constant. 

5.124. Under certain conditions tHe”mean free path of molecules of 
a gas is 1.6 x 10-?m and the arithmetic mean velocity of its mole- 
cules is 1.95 km/s. What is the mean number of collisions of the gas 
molecules per second if the gas pressure is reduced 1.27 times at the same 
temperature? 

5.125. A flask with a volume of 100 cm? contains 0.5 gramme of 
nitrogen. Find the mean free path of nitrogen molecules in these 
conditions. 

5.126. A vessel is filled with carbon dioxide gas whose density p= 
=1.7 kg/m’. In these conditions the mean free path of its molecules 
[=7.9x 10-* cm. Determine the diameter o of the carbon dioxide 
molecules. 

5.127. Determine the mean time between two consecutive callisions 
of nitrogen molecules at a temperature of 10° C and a pressure of | mm 
H 


5.128. A vessel with air is evacuated to a pressure of 10-* mm Hg. 
What is the density of the air in the vessel, the number of molecules 
in 1 cm® of the vessel and the mean free path of the molecules? Assume 
the diameter of the air molecules to be 3x 10-* cm and the mass of 
one kilomole »=29 kg/kmole. The temperature of the air is 17°C. 

5.129. What maximum number of molecules of a gas should be con- 
tained in 1 cm? of a spherical vessel with a diameter of 15 cm so that 
the molecules do not collide with each other? The diameter of a gas mo- 
lecule is 3x 10-8 cm. 

5.130. What pressure should be built up inside a spherical vessel 
with a diameter of: (1) 1 cm, (2) 10 em and (3) 100 cm so that the mole- 
cules do not collide with each other? The diameter of a gas molecule 
is 3x 10-° cm and the temperature of the gas is 0°C. i 

5.131. The distance between the cathode and anode in a discharge 
tube is 15 cm. What pressure should be built up in the tube so that the 
electrons do not collide with the air molecules on their path from the 
cathode to the anode? The temperature is 27° C. The diameter of an 
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air molecule is 3X 10-* cm. The mean free path of an electron in the 
gas is approximately 5.7 times greater than that of the gas molecules. 

5.132. A spherical flask with a volume of 1 litre is filled with nitro- 
gen. At what density of the nitrogen will the mean free path of its mo- 
lecules be greater than the dimensions of the vessel? 

5.133. Find the mean number of collisions of the molecules of a cer- 
tain gas per second if the mean free path is 5x 10-*cm in these condi- 
tions and the mean square velocity of its molecules is 500 m/s. 

5.134. Find the diffusion coefficient of hydrogen in standard condi- 
tions if the mean free path of the molecules is 1.6x 107" m. 

5.135. Find the diffusion coefficient of helium in standard condi- 
tions. 

5.136. Plot a diagram showing the diffusioa coefficient of hydrogen 
versus the temperature within the range of 100° K<7<600° K for 
intervals of 100° at a constant pressure of p=const=1 at. 

5.137. Find the amount of nitrogen that passes owing to diffusion 
through an area of 100 cm? in 10 seconds if the density gradient in a di- 
rection perpendicular to the area is 1.26 kg/m‘. The temperature of the 
nitrogen is 27°C and the mean free path of the nitrogen mole- 
cules is 1075 cm. 

5.138. Two vessels A and B are connected by a tube whose diameter 
d=1 cm and length [=1.5 cm. The tube is provided with a cock. 
When the cock is closed, the pressure of the air in vessel A is py. 
Vessel B is evacuated to a pressure of px<p,. Determine the amount 
of air that diffuses from vessel A into vessel B during the first second 
after the cock is opened. The temperature of the air in both vessels is 
17°C and the diameter of the air molecules co=3 A. 

5.139. Find the mean free path of helium molecules at a tempera- 
ture of 0° C and a pressure of 760 mm Hg if the coefficient of internal 
friction (dynamic viscosity) is equal to 1.3x 10-* g/cm:s. 

5.140. Determine the coefficient of internal friction of nitrogen in 
standard conditions if the diffusion coefficient is 0.142 cm?/s. 

5.141. Find the diameter of an oxygen molecule if the coefficient 
of internal friction for oxygen at 0°C is equal to n=18.8x 10”* N -s/m2. 

5.142. Plot a diagram showing the coefficient of internal friction of 
nitrogen versus the temperature within the range of 100° K<T< 
< 600° K for intervals of 100°. 

5.143. Determine the coefficients of diffusion and of internal fric- 
tion of air at a pressure of 760 mm Hg and a temperature of 10°C. 
The diameter of an air molecule is 3X 10-2° m. 

5.144. How many times is the coefficient of internal friction of 
oxygen greater than that of nitrogen? The temperature of the gases is 
the same. a 

5.145. The coefficients of diffusion and internal friction of hydrogen 
are under certain conditions equal to D=1.42 cm*/s and n=8.5x 
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x 10-° N -s/m*, respectively. Find the number of hydrogen molecules 
in 1 m? in these conditions. 

5.146. The coefficients of diffusion and internal friction of oxygen 
are equal to 1.22x10§ m?/s and n=1.95x 10- kg/m -s, respecti- 
vely. Find in these conditions: (1) the density of the oxygen, (2) the 
mean free path of its molecules, and (3) the arithmetic mean velocity 
of its molecules. 

5.147. What maximum velocity can a rain drop 0.3 mm in diameter 
reach? The diameter of an air molecule is 3X 10-° m and the air 
temperature is 0°C. Assume that the Stokes law is true for the rain 


rop. 

5.148. An airplane flies at a velocity of 360 km/h. Assuming that 
the layer of air at the airplane wing carried along owing to viscosity is 
4 cm, find the tangential force acting on each square metre of the wing 
surface. The diameter of an air molecule is 3x 10-° cm. The tempera- 
ture of the air is 0°C. 

5.149. The space between two coaxial cylinders is filled with gas. 
The radii of the cylinders are equal to r=5cm and R=5.2 cm, res- 
pectively. The height of the internal cylinder k=25 cm. The external 
cylinder rotates with a velocity corresponding to v=360 rev/min. 
For the internal eylinder to remain immobile, a tangential force of 
F=1.38x 10-38 N should be applied to it. Considering this case to the 
first approximation as a plane problem, use the data of this experiment 
to determine the viscosity coefficient of the gas between the cylinders. 

5.150. Find the thermal conductivity coefficient of hydrogen if 
its coefficient of internal friction is 8.6x 10-® N -s/m? in these condi- 
tions. 

5.151. Find the thermal conductivity coefficient of air at a tempe- 
rature of 10° C and a pressure of 105 N/cm?. The diameter of an air mo- 
lecule is 3x 10~*® cm. 

5.152. Plot a diagram showing the thermal conductivity coefficient 
of hydrogen versus the temperature within the range of 100° K< 
<T<600° K for intervals of 100°. 

5.153. A vessel with a volume of V=2 litres contains N=4x 
x 1022 molecules of a biatomic gas. The thermal conductivity coef- 
ficient of the gas 4=0.014 W/m -deg. Find the diffusion coefficient of 
the gas in these conditions. 

5.154. Carbon dioxide gas and nitrogen are under the same tempe- 
rature and pressure. Find for these gases the ratio of: (1) the diffusion 
coefficients, (2) the coefficients of internal friction, and (3) the ther- 
mal conductivity coefficients. Assume the diameters of the molecules 
of these gases to be identical. 

5.155. The distance between the walls of a Dewar flask is 8 mm. At 
what pressure will the thermal conductivity of the air between the 
walis of the flask begin to diminish during its evacuation? The tempe- 
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rature of the air is 17°C and the diameter of an air molecule is 3x 
x 10-7 mm. 

5.156. A cylindrical vacuum bottle with an external radius of r,= 
=10 cm, an internal radius of r,=9 cm and a height of h=20 cm is 
filled with ice. The temperature of the ice is 0° C and the ambient tem- 
perature of the air is 20° C. (1) Find the maximum air pressure between 
the walls of the vacuum bottle at which the thermal conductivity 
coefficient will still depend on the pressure. The diameter of the air 
molecules is 3x 10-* cm and the temperature of the air between the 
bottle walls is equal to the arithmetical mean of the temperatures 
of the ice and the ambient medium. (2) Find the thermal conductivity 
coefficient of the air between the bottle walls at pressures of: (a) 760 mm 
Hg, (b) 10-4 mm Hg (u=29 kg/mole). (3) What amount of heat passes 
in one minute through the side surface of the vacuum bottle with a mean 
radius of 9.5 cm due to thermal conductivity? Solve the problem for 
pressures of: (a) 760 mm Hg, and (b) 10-* mm Hg. 

5.157. What amount of heat is lost every hour through a double 
window owing to the thermal conductivity of the air enclosed between 
the panes? The area of each pane is 4 m? and the distance between them 
is 30 cm. The temperature in the room is 18°C, and outside it is 
—20°C. The diameter of the air molecules is 3x 10-* cm, and the 
temperature of the air between the panes is equal to the arithmetic 
mean between the temperatures in the room and outdoors. The pres- 
sure is 760 mm Hg. 

5.158. There is air between two plates arranged at a distance of 
l mm from each other and a temperature difference of AT=1° is 
maintained between them. The area of each plate A=100 cm?. What 
amount of heat is transferred by conductivity from one plate to the oth- 
er during 10 minutes? The air is in standard conditions and the diame- 
ter of an air molecule is equal to 3x 10-1" m. 

5.159. Ten grammes of oxygen are under a pressure of 3x 10° N/m? 
at a temperature of 10° C. The gas heated at a constant pressure occu- 
pies a volume of 10 litres. Find: (1) the amount of heat received by the 
gas, (2) the change in the internal energy of the gas, (3) the work per- 
formed by the gas during expansion. 

5.160. Hydrogen at a temperature of 27°C and in an amount of 
6.5 grammes expands twofold at p=const owing to the influx of heat. 
from outside. Find: (1) the work of expansion, (2) the change in the 
internal energy of the gas, (3) the amount of heat received by the gas. 

5.161. A closed vessel contains 20 grammes of nitrogen and 32 gram- 
mes of oxygen. Find the change in the internal energy of the gas mix- 
ture when it cools by 28°C. 

5.162. Two kilomoles of carbon dioxide gas are heated by 50°C 
at constant pressure. Find: (1) the change in the internal energy of the 
gas, (2) the work of expansion, (3) the amount okheat received by thegas. 
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5.163. Five hundred calories of heat are imparted to a biatomic 
gas. The gas expands at constant pressure. Determine the work of ex- 
pansion of the gas. 

5.164. Work equal to 16 kgf-m was performed during isobaric ex- 
pansion of a biatomic gas. What amount of heat did the gas receive? 

5.165. A gas occupying a volume of 5 litres under a pressure of 2x 
x 10° N/m? and a temperature of 17° C is heated and expands isobari- 
cally. The work of expansion is 20 kgf-m. What temperature was the 
gas heated to? 

5.166. Seven grammes of carbon dioxide gas are heated by 10°C 
in conditions of free expansion. Find the work of expansion of the gas 
and the change in its internal energy. 

5.167. One kilomole of a multiatomic gas is heated by 100°C in 
conditions of free expansion: Find: (1) the amount of heat received by 
the gas, (2) the change in its internal energy, (3) the work of expansion. 

5.168. One gramme of nitrogen is present in a vessel under a piston. 
(1) What amount of heat should be spent to heat the nitrogen by 10° C? 
(2) How much will the piston rise? The piston weighs | kgf and its 
cross-sectional area is 10 cm?. The pressure above the piston is 1 at. 

5.169. Oxyhydrogen gas is in a vessel under a piston. Determine the 
amount of heat evolved upon explosion of the gas if its internal energy 
changes by 80.2 calories and the piston rises 20 cm. The piston weighs 
2 kgf and its cross-sectional area is 10 cm*. The air above the piston 
is in standard conditions. 

5.170. Nitrogen amounting to 10.5 grammes expands isothermally 
at a temperature of —23°C from a pressure of p,=2.5 at to p.=1 at. 
Find the work performed by the gas during expansion. 

5.171. Upon the isothermal expansion of 10 grammes of nitrogen at 
a tempetature of 17° C, work was performed equal! to 860 J. How many 
times did the pressure of the nitrogen change upon expansion? 

5.172. The work of isothermal expansion of 10 grammes of a gas 
from the volume V, to V¿=2V, is 575 J. Determine the mean square 
velocity of the gas molecules at the same temperature as above. 

5.173. One litre of helium in standard conditions expands isothermal- 
ly to a volume of two litres at the expense of heat received from a hot 
source. Find: (1) the work performed by the gas during expansion, 
(2) the amount of heat received by the gas. 

5.174. Upon the isothermal expansion of 2 m® of a gas its pressure 
changes from p,=5 at to pz=4 at. Determine the work performed. 

5.175. What temperature will air at 0° C be cooled to if it expands 
adiabatically from a volume of V, to V,=2V,? 

5.176. Oxygen amounting to 7.5 litres is compressed adiabatically 
to a volume of 1 litre, and the pressure at the end of compression is 
19> 10r N/m?. Under what pressure was the gas before compres- 
sion? 
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5.177. Air is compressed adiabatically in the cylinders of an inter- 
nal-combustion engine and its pressure changes from p,=1 at to p.= 
=35 at. The initial temperature of the air is 40° C. Find its tempera- 
ture at the end of compression. 

5.178. A gas expands adiabatically, and its volume doubles, while 
its absolute temperature drops 1.32 times. What number of degrees of 
freedom do the gas molecules have? 

5.179. A biatomic gas at a temperature of 27°C and under a pres- 
sure of 2 10* N/m? is compressed adiabatically from the volume 
V, to V.= 0.5V,. Find the temperature and pressure of the gas after 
compression. 

5.180. Oxyhydrogen gas in a vessel under a piston occupies a volume 
of 10-* m® in standard conditions. When compressed rapidly the gas 
ignites. Find the temperature of ignition of the gas if the work of com- 
pression is equal to 4.73 kgf-m. 

5.181. A gas is in a vessel under a piston in standard conditions. 
The distance between the bottom of the vessel and the crown of the 
piston is 25 cm. A load of 20 kgf is placed on the piston and it lowers by 
13.4 cm. Assuming the compression to be adiabatic, find the ratio 
c,/c, for this gas. The cross-sectional area of the piston is 10 cm?. 
Disregard the weight of the piston. 

5.182. A biatomic gas occupies a volume of V,=0.5 litre under a 
pressure of p,=0.5 at. The gas is compressed adiabatically to a certain 
volume V, and a pressure p, and is then cooled to the initial tempera- 
ture at a constant volume of V,. Here its pressure becomes equal to 
po=1 at. (1) Plot the diagram of this process. (2) Determine the vol- 
ume V, and the pressure pz. 

5.183. A gas so expands adiabatically that its pressure drops from 
2 at to 1 at. The gas is then heated at a constant volume to the initial 
temperature and its pressure increases to 1.22 at. (1) Find the ratio 
c,/c, for this gas. (2) Plot the diagram of this process. 

5.184. One kilomole of nitrogen in standard conditions expands adia- 
batically from the volume V, to V,=5V,. Find: (1) the change in the 
internal energy of the gas, (2) the work performed during expansion. 

5.185. It is necessary to compress | x 10~? m® of air to a volume of 
2x10- m?. What is the best compression process—adiabatic or iso- 
thermal? 

5.186. The work of 146 kJ is spent to compress adiabatically one 
kilomole of a biatomic gas. How much will the temperature of the gas 
increase during compression? 

5.187. How many times will the mean square velocity of the mole- 
cules of a biatomic gas decrease upon a twofold adiabatic increase in 
the volume of the gas? 

5.188. Ten grammes of oxygen in standard conditions are com- 
pressed to a volume of 1.4 10-* m*. Find the pressure and tempera 
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ture of the oxygen after compression if: (1) the oxygen is compressed 
isothermally, (2) the oxygen is compressed adiabatically. Find the 
work of compression in each case. 

5.189. Nitrogen in an amount of 28 grammes at a temperature of 
40° C and a pressure of 750 mm Hg is compressed to a volume of 13 lit- 
res. Find the temperature and pressure of the nitrogen after compres- 
sion if: (1) the nitrogen is compressed isothermally, (2) the nitrogen is 
compressed adiabatically. Find the work of compression in each case. 

5.190. How many times will the free path of the molecules of a bia- 
tomic gas increase if its pressure is halved? Consider the cases when: 
(1) the gas expands isothermally, (2) the gas expands adiabatically. 

5.191. Two different gases—one monoatomic and the other biato- 
mic—are at the same temperature and occupy the same volume. 
The gases are so compressed adiabatically that their volume is halved. 
Which of the gases will be heated more and how many times? 

5.192. One kilogramme of air at a temperature of 30° C and a pres- 
sure of 1.5 atm expands adiabatically and the pressure drops to 1 atm. 
Find: (1) the expansion ratio, (2) the final temperature, (3) the work 
performed by the gas during expansion. 

5.193. The volume of 1 kmole of oxygen in standard conditions 
increases to V=5V,. Plot a diagram showing the relationship p= 
=f(V) if: (1) expansion occurs isothermally, 
and (2) expansion occurs adiabatically. Find 
the value of p for the volumes: Vo, 2Vo, 3Vo, 
4V, and 5Vo. 

5.194. A certain quantity of oxygen occu- 
pies a volume of V,=3 litres at a tempera- 
ture of t,=27* C and a pressure of p,=8.2X 
x10% N/m: (Fig. 8). In the second state 
the gas parameters are: V,= 4.5 litres and 
p2=6x 10° N/m?. Find the amount of heat Fig. 8 
received by the gas, the work performed by the 
gas during expansion, and the change in the internal energy of the gas. 
Solve the problem on condition that the transition of the gas from 
the first to the second state is via: (1) ACB, and (2) ADB. 

5.195. An ideal heat engine operates according to the Carnot cycle 
and receives 600 cal from a hot source each cycle. The temperature of 
the hot source is 400° K and that of the cold sink 300° K. Find the 
work performed by the engine per cycle and the amount of heat rejected 
to the cold sink per cycle. 

5.196. An ideal heat engine operates according to the Carnot cycle. , 
Determine the efficiency of the cycle if work equal to 300 kgf-m was 
performed during one cycle and the cooler received 3.2 kcal. 

5.197. An ideal heat engine operates according to the Carnot cycle 
and performs work equal to 7.35 x 10‘ J during one cycle. The tempe- 
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rature of the hot source is 100° C and that of the cold sink 0°C. Find: 
(1) the engine efficiency, (2) the amount of heat received by the engine 
per cycle from the hot source, (3) the amount of heat rejected to the 
cold sink during one cycle. 

5.198. An ideal heat engine operates according to the Carnot cycle. 
Eighty per cent of the heat received from the hot source is rejected to 
the cold sink. The amount of heat received from the hot source is 
1.5 kcal. Find: (1) the cycle efficiency, (2) the work performed during 
a complete cycle. 

5.199. An ideal heat engine operates according to the Carnot cycle 
using heated air taken at an initial pressure of 7 atm and a tempera- 
ture of 127°C. The initial volume of the air is 2x 107? m?. After the 
first isothermal expansion the air occupies a volume of 5 litres, and 
after adiabatic expansion 8 litres. Find: (1) the coordinates of the in- 
tersection of the isothermal and adiabatic lines, (2) the work on each 
section of the cycle, (3) the total work performed during the entire 
cycle, (4) the cycle efficiency, (5) the amount of heat received from the 
hot source per cycle, (6) the amount of heat rejected to the cold sink 
during one cycle. 

5.200. One kilomole of an ideal gas completes a cycle consisting of 
two isochoric and two isobaric lines. The volume of the gas changes 
from V,=25 m* to V,¿=50 m* and the pressure from p,=1 atm to 
p==2 atm. How many times is the work performed in this cycle less 
than the work in a Carnot cycle whose isothermal lines correspond 
to the maximum and minimum temperatures of the cycle under consi- 
deration if the volume doubles in isothermal expansion? 

5.201. An ideal refrigerator operates according to the reverse Carnot 
cycle and performs work equal to 3.7x10* J per cycle. It receives 
heat from a body with a temperature of —10° C and transfers this heat 
to a body with a temperature of +-17° C. Find: (1) the cycle efficiency, 
(2) the amount of heat rejected from the cold body per cycle, (3) the 
amount of heat imparted to the hot body per cycle. 

5.202. An ideal refrigerator operates as a heat pump according to 
the reverse Carnot cycle. It receives heat from water with a tempera- 
ture of 2° C and transfers it to air with a temperature of 27° C. Find: 
(1) the quantity 4,—the ratio between the amount of heat imparted 
to the air during a certain time and the amount rejected during the 
same time from the water, (2) the quantity n,—the ratio between the 
amount of heat rejected from the water during a certain time and the 
energy spent during the same time to operate the refrigerator (ny, is 
known as the refrigeration coefficient), (3) the quantity n;—the 
ratio between the energy spent to operate the refrigerator during a cer- 
tain time and the amount of heat transferred during the same time to 
the air (m3 is known as the cycle efficiency). Find the relationship bet- 
ween the quantities ni, ne and ns. X 
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5.203. An ideal refrigerator operates according to the reverse Carnot 
cycle and transmits heat from a cold. source with water at a tempera- 
ture of 0°C to a boiler with water at a temperature of 100°C. What 
amount of water must be frozen in the cooler to convert | kg of water 
into vapour in the boiler? 

5.204. A room is heated by a refrigerator operating according to the 
reverse Carnot cycle. How many times is the amount of heat Q, re- 
ceived by the room by burning firewood in a furnace lower than the 
heat Q, imparted to the room by.a refrigerator actuated by a heat 
engine consuming the same amount of 
firewood. The engine operates with- 
in the temperature range T,=100* C 
and T,=0"C. A temperature of T,= 
=16°C should be maintained in the 
room. oo ambient temperature T,= 
=—10°C. 

§.205. The working cycle of an ideal 
steam engine is shown in Fig. 9: (a) when 
admission of the steam from the boiler 
into the cylinder is begun, the pressure 
iri the latter increases at a constant vo- 
lume Vo from po to p, (line AB); (b) 
upon further admission of the steam, 
the piston moves from left to right Fig. 9 
(line BC) at a constant pressure p,; (c) 
when the piston continues to move to the right, the supply of steam from 
the boiler into the cylinder is shut off and the steam expands adiaba- 
tically (line CD); (d) when the piston is in its extreme right-hand po- 
sition the steam emerges from the cylinder into a cold sink, and the 
pressure drops at a constant volume V, to po (line DE); (e) during the 
reverse stroke the piston expels the remaining steam at a constant pres- 
sure po and the volume drops from V, to V, (line EA). Determine the 
work done by the engine per cycle if V,¿=0.5 litre, V,=1.5 litres, 
ee litres, po=I at, p,=12 at and the adiabatic exponent is 
5.206. A steam engine rated at 14.7 kW consumes 8.1 kg of coal 
with a calorific value of 3.3x 10’ J/kg during one hour of operation. 
The temperature of the boiler is 200° C and that of the cold sink 58° C. 
Determine the actual efficiency of the engine n, and compare it with 
the efficiency n, of an ideal heat engine operating according to the 
Carnot cycle within the same temperature range. 

5.207. The piston area in a steam engine rated at 20 hp is 200 cm* 
and the piston stroke /=45 cm. The isobaric process BC (Fig. 9) 
takes place when the piston travels one-third of its stroke. The volume 
Vo as compared to the volumes V, and V, may be neglected. The steam 
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pressure in the boiler is 16 at and that in the cold sink 1 at. Determine 
the number of cycles per minute performed by the engine if the adiaba- 
tic exponent is 1.3. 

5.208. The cycle of an internal-combustion carburettor and a gas 
four-stroke engine is shown in Fig. 10: (a) during the first piston stroke, 
fuel is sucked into the cylinder (in carburet- 
tor engines the combustible mixture consists 
of petrol vapours and air mixed in carburet- 
tors, while in gas engines the working mix- 
ture—gas and air—is supplied from a gas 
generator plant). Here po=const and the vo- 
lume increases from V, to V, (line AB—suc- 
tion); (b) during the second piston stroke 
(line BC—compression) the fuel is compres- 
sed adiabatically from V, to V,, the tempe- 
rature increases from To to T, and the pres- 
sure from po to p,; (c) the fuel is then igni- 

Fig. 10 ted by a spark, the pressure increases from 

pito pz at a constant volume (line CD) and 

the temperature rises to T+; (d) the third piston stroke is adiabatic 
expansion of the fuel from V, to V, (the working stroke—line DE) 
when the temperature drops to Ty; (e) when the piston is in its ext- 
reme position (point E) the exhaust valve opens, and the pressure 
drops at a constant volume to po (line EB); (f) the fourth piston 
stroke is isobaric compression (line BA—exhaust, i.e., expulsion of 
the used gas). Find the cycle efficiency if the compression ratio 





i =5 and the adiabatic exponent is 1.33. 


5.209. Gas is compressed polytropically to V.= eV: (the compres- 


sion ratio is 6) in the cylinders of an internal-combustion carburettor 
engine. Assuming the initial p: essure to be equal to 9x 10* N/m? and 
the initial temperature to 127°C, find the pressure and temperature 
of the gas in the cylinders after compression. The polytropic expo- 
nent is 1.3. 

5.210. Gas is so compressed polytropically in the cylinders of an 
internal-combustion carburettor engine that the temperature of the 
gas is 427°C after compression. The initial temperature of the gas is 
ie C. The compression ratio is 5.8. What is the polytropic expo- 
nent? 

5.211. The diameter of a cylinder of an internal-combustion carbu- 
rettor engine is 10 cm and the piston stroke 11 cm. (1) What is the vo- 
lume of the compression chamber if the initial pressure of the gas is 
1 at, its initial temperature 127° C and the final pressure in the cham- 
ber after compression 10 at? (2) What wilNthe gas temperature in the 


5.212—5.221] MOLECULAR PHYSICS AND THERMODYNAMICS 85 


chamber be after compression? (3) Find the work performed during 
compression. The polytropic exponent is 1.3. 

5.212. Determine the efficiency of an internal-combustion carbu- 

rettor engine if the polytropic pane is 1.33 and the compression ra- 
io is: i= Vite We oe 
tio is: (1) A 4, (2) 7, 6, (3) y, 78- 

5.213. The carburettor engine of a “Volga” car consumes a minimum 
of 265 grammes of petrol per hp/h. Determine the losses due to friction, 
thermal conductivity, etc. The comp- p 
ression ratio is 6.2 and the calorific va-  pp-- 
lue of the petrol 4.6Xx 107 J/kg. The 
polytropic exponent is equal to 1.2. 

5.214. The cycle of a four-stroke 
Diesel engine is depicted in Fig. 11: (a) 
line AB—air is sucked into a cylinder 
(po=1 at); (b) line BC—the air is comp- 
ressed adiabatically to the pressure p,; 
(c) at the end of the compression stroke, 
fuel is injected into the cylinder, it ig- po 
nites in the hot air and burns; the pis- 
ton moves to the right first isobarically V, Vs V2 
(line CD) and then adiabatically (line Fig. 11 
DE); (d) at the end of adiabatic expan- 
sion, the exhaust valve opens and the pressure drops to po (line EB); 
(e) when the piston moves to the left, the mixture is expelled from 
the cylinder (line BA). Find the efficiency of the engine. 

5.215. The adiabatic compression ratio of an internal-combustion 
Diesel engine is 16 and the adiabatic expansion ratio 6.4. What is the 
minimum amount of fuel oil consumed by the engine per hour if its 
power is 50 hp, the polytropic exponent 1.3 and the calorific value of 
the fuel 4.6x 10’ J/kg? 

5.216. Find the change in entropy upon the conversion of 10 gram- 
mes of ice at —20°C into steam at 100°C. 

5.217. Find the increment in entropy upon the conversion of | gram- 
me of water at 0°C into steam at 100°C. 

ae Find the change in entropy upon the melting of 1 kg of ice 
at 0°C. 

5.219. Liquid lead at the melting point is poured onto ice at 0° C. 
Find the change in entropy during this process if the amount of lead is 
640 grammes. 

5.220. Find the change in entropy during the transition of 8 gram- 
mes of oxygen from a volume of 10 litres at a temperature of 80° C 
to a volume of 40 litres at a temperature of 300° C. 

5.221. Find the change in entropy during the transition of 
6 grammes of hydrogen from a volume of 20 litres at a pres- 
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sure of 1.5x105 N/m? to a volume of 60 litres at a pressure 
of 1x 10° N/m?. 

5.222. Hydrogen amounting to 6.6 grammes expands isobarically 
until its volume doubles. Find the change in entropy during expansion. 

5.223. Find the change in entropy during the isobaric expansion of 
8 grammes of helium from the volume V,=10 litres to V¿=25 litres. 

5.224. Find the change in entropy upon the isothermal expansion 
of 6 grammes of hydrogen from 10° to 0.5x 10° N/m?. 

5.225. Nitrogen amounting to 10.5 grammes expands isothermally 
from a volume of V,=2: litres to V.=5 litres. Find the entropy incre- 
ment during this process. 

5.226. Oxygen (10 grammes) is heated from ¢,= 50°C to t= 
= 150°C. Find the change in entropy if the oxygen is heated: (1) iso- 
chorically, (2) isobarically. 

5.227. The heating of 1 kmole of a biatomic gas increases its abso- 
lute temperature 1.5 times. Find the change in entropy if the gas is 
heated: (1) isochorically, (2) isobarically, 

5.228. The heating of 22 grammes of nitrogen increases its absolute 
temperature 1.2 times and its entropy by 4.19 J/deg. Under what con- 
ditions was the nitrogen heated (at a constant volume or a constant 
pressure)? 

5.229. Find the change in entropy upon the transition of a gas from 
state A to state B for the conditions of Problem 5.194 if the transition 
occurs: (1) along ACB, (2) along ADB (see Fig. 8). 

5.230. One cubic metre of air at a temperature of 0° C and a pres- 
sure of 2 kgf/cm? expands isothermally from the volume V, to V,= 
=2V,. Find the change in entropy during this process. 

5.231. The change in entropy between the two adiabatic lines of 
a Carnot cycle is 1 kcal/deg. The temperature difference between the 
two isothermal lines is equal to 100°C. What amount of heat will be 
converted into work during this cycle? 


6. Real Gases 


The equation of state for real gases (Van der Waals equation) for 
one kilomole has the form: 


(p + 7) V.—5= RT 


where V,= volume of one kilomole of a gas 

a and b = constants different for different gases 
p = pressure 
T = absolute temperature 
R = gas constant. `N 
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The Van der Waals equation referred to any mass m of a gas may be 
written as 


mia m _ m 
(P+) (VE o) = ERT 
where V = volume of all the gas 
pH = mass of one kilomole. 


In this equation avi = p; is the pressure due to the forces of inter- 


action of the molecules, and b = V, is the volume connected with 
the own volume of the molecules. 
The constants a and b of a given gas are related to its critical tempe- 
rature T,,, critical pressure p,, and critical volume Vo., as follows: 
8a 
Voce = 30; Per = 583 To = 276R 
These equations can be solved with respect to the constants a and b: 
= 271T@rR? =TerR 
a= aa and b Boar 
If we introduce the following notation: 
T e = Vo 
Ter ’ Per’ Voer 
the Van der Waals equation will take the transformed form (for one 
kilomole) 





T= 


(n+5) (3@—1) =8t 


6.1. Express in SI units the constants a and b contained in the Van 
der Waals equation. 

6.2. By using data on the critical values of T,, and p,, for certain 
gases (see Table V), find for them the constants a and b in the Van der 
Waals equation. 

6.3. What is the temperature of 2 grammes of nitrogen occupying 
a volume of 820 cm? at a pressure of 2 atm? Consider the gas to be: 
(1) ideal, (2) real. 

6.4. What is the temperature of 3.5 grammes of oxygen occupying 
a volume oí 90 cm? at a pressure oí 28 atm? Consider the 
gas to be: (1) ideal, (2) real. 

6.5. 10 grammes of helium occupy a volume of 100 cm* at a pressure 
of 10% N/m?. Find the temperature of the gas, considering it as: 
(1) ideal, (2) real. 

6.6. One kilomole of carbon dioxide gas has a temperature of 100° C. 
Find the pressure of the gas, considering it as: (1) real, (2) ideal. 
Solve the problem for the volumes: (a) V,=1 m?, and (b) V¿=0.05 mr. 
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6.7. A closed vessel with a volume of V=0.5 m* contains 0.6 kmole 
of carbon dioxide gas at a pressure of 3X 10% N/m?. By using the Van 
der Waals equation, find the number of times the temperature of this 
gas is to be raised to double the pressure. 

6.8. One kilomole of oxygen has a temperature of ¢=27°C and 
a pressure of p=10" N/m?. Find the volume of the gas, assuming 
that it behaves in these conditions as a real gas. 

6.9. One kilomole of nitrogen has a temperature of t=27*C and 
a pressure of 5x 10° N/m?. Find the volume of the gas assuming that 
it behaves in these conditions as a real gas. 

6.10. Find the effective diameter of an oxygen molecule, assuming 
that the critical values 7, and p,, for the oxygen are known. 

6.11. Find the effective diameter of a nitrogen molecule: (1) from 
the given value of the mean free path of the molecules in standard 
conditions /=9.5x10-* cm, (2) from the known value of the con- 
stant 6 in the Van der Waals equation. 

6.12. Find the mean free path of a carbon dioxide molecule in stand- 
ard conditions. Calculate the effective diameter of the molecule, assum- 
ing the critical temperature 7,, and pressure p,, to be known for car- 
bon dioxide gas. 

6.13. Find the diffusion coefficient of helium at a temperature of 
t=17° C and a pressure of p=1.5 x 10° N/m?. Calculate the effective 
diameter of a helium atom, assuming 7, and p,, to be known for helium. 

6.14. Plot the isothermal lines p=/(V) for one kilomole of carbon 
dioxide gas at a temperature of 0° C. Consider the gas as: (1) ideal, 
and (2) real. Take the following values of V in m*/kmole for the real 
gas: 0.07, 0.08, 0.10, 0.12, 0.14, 0.16, 0.18, 0.20, 0.25, 0.30, 0.35 
and 0.40, and for the ideal gas within 0.2 < V < 0.4 m*/kmole. 

6.15. Find the pressure due to the forces of interaction of the mole- 
cules contained in one kilomole of a gas in standard conditions. The 
critical temperature and pressure of this gas are T,,=417° K and p,,= 
= 76 atm, respectively. 

6.16. The forces of interaction between hydrogen molecules are ne- 
gligible, the most important factor being the size of the molecules. 
(1) Write the equation of state for such a semi-ideal gas. (2) Find the 
error if the dimensions of the molecules are disregarded in calculating 
the number of kilomoles of hydrogen in a certain volume at a tempera- 
ture of =0°C and a pressure of p=2.8X 10” N/m?. 

6.17. A vessel with a volume of 10 litres contains 0.25 kg of nitrogen 
at a temperature of 27°C. (1) What part of the gas pressure will the 
pressure due to the forces of molecular interaction be? (2) What part 
of the volume of the vessel will be occupied by the own volume of the 
molecules? 

6.18. A certain gas amounting to 0.5 kmole occupies a volume of 
V,=1 m5. When the gasexpands to V¿=1.2m*, work is done against 
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the forces of interaction of the molecules equal to W=580 kgf-m. 
Find the constant a in the Van der Waals equation for this gas. 

6.19. Twenty kilogrammes of nitrogen expand adiabatically into 
a vacuum from V,=1 m* to V,=2 m*. Find the drop of the tem. 
perature during expansion if the constant a in the Van der Waals 
equation is known for nitrogen. (See the answer to Problem 6.2.) 

6.20. Halí a kilomole of a triatomic gas expands adiabatically into 
a vacuum from V,=0.5 m* to V¿=3 m*?. The temperature of the gas 
drops by 12.2”. By using these data, find the constant a in the Van der 
Waals equation. 

6.21. (1) What pressure is required to convert carbon dioxide gas 
into liquid carbon dioxide at a temperature of: (a) 31°C and (b) 
50° C? (2) What maximum volume can be occupied by 1 kg of liquid 
carbon dioxide? (3) What is the highest pressure of the saturated va- 
pours of liquid carbon dioxide? 

6.22. Find the density of water vapours in the critical state if their 
constant 6 in the Van der Waals equation is known. (See the answer 
to Problem 6.2.) 

6.23. Find the density of helium in the critical state, assuming the 
critical values of T,, and p,, to be known for it. 

6.24. One kilomole of oxygen occupies a volume of 0.056 m? at a pres- 
sure of 920 at. Find the temperature of the gas using the transformed 
Van der Waals equation. 

6.25. One kilomole of helium occupies a volume of V=0.237 m° at 
a temperature of t=-—200* C. Find the pressure of the gas using the 
transformed Van der Waals equation. 

6.26. Determine how many times the pressure of a gas is greater 
than its critical pressure if the volume and temperature of the gas are 
double their critical values. 


7. Saturated Vapours and Liquids 


The absolute humidity is the partial pressure of the water vapours 
present in the air. The relative humidity w is the ratio of the absolute 
humidity to the partial pressure of water vapours saturating the space 
at the given temperature. 

The specific heat of vaporization (evaporation) r is the amount of 
heat required to convert a unit mass of a liquid into vapour at a con- 
stant temperature. 

The molecular heat of vaporization ro is equal to 


r =pr 


where p is the mass of one kilomole. 
The relationship between the pressure of a saturated vapour p, 
and the temperature is described by the Clausius-Clapeyron equa- 


90 PROBLEMS 


tion 
des fo 
aT” T(Vo—V) 


where V,= volume of one kilomole of vapour 
V,= volume of one kilomole of liquid. 
The relative change in the volume of a liquid when heated is deter- 
mined by the formula 


av = yat 


where y is the coefficient of volume expansion. 
The relative change in the volume of a liquid when the pressure chan- 
ges is 
AV 
where k is the coefficient of compression. 
The coefficient of surface tension æ is numerically equal to the force 
applied to a unit length of the edge of the surface film of a liquid, i.e., 


po 
~ 


When the film area changes by AA the following work is performed 
AW =aAA 


The additional pressure caused by curvature of the surface of the li- 
quid is determined by the Laplace formula 


a e m) 


where R, and R, are the radii of curvature of two mutually perpendi- 
cular cross sections of the surface of the liquid. The radius R is positive 
if the centre of curvature is inside the liquid (a convex meniscus) and 
negative if it is outside the liquid (a concave meniscus). 

The height of the liquid in a capillary tube 


2a cos 8 
ka 
reg 


where r=radius of the tube 
p=density of the liquid 
0=wetting angle. 
With complete wetting 6=0 and with no wetting 0=a. 
The pressure of saturated vapours p, above a concave surface of a li- 
quid is less, and above a convex surface nore than the pressure Po 
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above a flat surface. The additional pressure is 


Ap=p,-Pyp=+ “aie 
where p=density of the liquid 
Po=density of the saturated vapours of the liquid 
R=radius of curvature of the surface of the liquid. 
The osmotic pressure p of a solution is related to its absolute tem- 
perature T by the Van’t Hoff formula 


p = CRT 


where R is the gas constant and C= is the number of kilomoles 


of the substance being dissolved in a unit volume of the solution (molar 
concentration of the solution). 
For solutions of undissociated molecules of a substance 


m N 
C= =H, 


where N ,=Avogadro’s number 
N=number of molecules of the dissolved substance in a unit 
volume. 

When dissociation occurs, the number of particles in a unit volume 
will be greater, and the osmotic pressure will increase. 

The pressure of the saturated vapours above the solution is smaller 
than above the pure solvent. With a sufficiently low concentration of 
the solution, the relative drop in the pressure of the saturated vapour 
above the solution can be determined from the Raoult law 


POP _ 2 
Po 242" 
where po=pressure of the saturated vapour above the pure solvent 
p=pressure of the saturated vapour above the solution 
z'=number of kilomoles of the dissolved substance 
z=number of kilomoles of the liquid. 
Problems relating to the viscosity of liquids are given in Section 4 of 
Chapter 1. 

7.1. Table VI gives the pressure of water vapours saturating a space 
at various temperatures. How can these data be used to compile a table 
showing the amount of water vapours in 1 m? of air saturated with the 
vapours at various temperatures? By way of example, calculate the 
amount of saturated water vapours in | m? of air at a temperature of 
50° C. ' 

a the density of saturated water vapours at a temperature 
of 50° C. 
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7.3. How many times is the density of saturated water vapours at 
a temperature of 16°C lower than that of water? 

7.4. How many times is the density of saturated water vapours 
at a temperature of 200°C greater than at a temperature of 100° C? 

7.5. What is the weight of the water vapours in 1 m® of air on a warm 
day at a temperature of 30°C and a relative humidity of 75 per 
cent? 

7.6. The relative humidity of the air in a closed space with a volume 
of V=1 m* is equal to 60 per cent at a temperature of 20°C. How 
much more water should be evaporated into this space for the vapours 
to be saturated? 

7.7. The temperature in a room is 18°C and the relative humidity 
is 50 per cent. A metal tea-kettle is filled with cold water. What is the 
temperature of the water at which the kettle stops being covered with 
mist? 

7.8. Find the number of molecules of saturated water vapour contai- 
ned in 1 cm? at a temperature of 30° C 

7.9. Half a gramme of water vapour occupies a volume of 10 litres 
at a temperature of 50°C. (1) Determine the relative humidity. 
(2) What amount of vapour will be condensed if the volume is halved 
isothermally? 

7.10. A Wilson cloud chamber with a volume of 1 litre contains air 
saturated with water vapours. The initial temperature of the chamber 
is 20° C. As the piston moves, the volume of the chamber increases 
1.25 times. The expansion is adiabatic, x=C,/C, being equal to 1.4. 
Find: (1) the pressure of the water vapours before expansion, (2) the 
amount of water vapours in the chamber before expansion, (3) the 
density of the water vapours before expansion, (4) the temperature of 
the vapour after expansion (disregard the change in the temperature 
due to heat evolution during vapour condensation), (5) the amount of 
water vapours condensed into water, (6) the density of the water vapo- 
urs after condensation, (7) the degree of supersaturation, i.e., the ratio 
of the density of the water vapour after expansion (but before conden- 
sation) to the density of the water vapour saturating the space at the 
temperature which set in after condensation. 

7.11. Find the specific volume of water in the liquid and vaporous 
states in standard conditions. 

7.12. Using the first law of thermodynamics and the data in Tables V 
and VI, find the specific heat of water vaporization at 200°C. The 
critical temperature for water T,,=647" K and the critical pressure 
Per=217 atm. Check the result obtained with the aid of the data in 
Table VII. 

7.13. What part of the specific heat of water vaporization at a tem- 
ate of 100°C is spent to increase the internal energy of the sys- 

em 
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7.14. The specific heat of vaporization of benzene (C - 
perature of 77° C is equal to 95 cal/g. What is the ane 2 fone 
nal energy upon the evaporation of 20 grammes of benzene at this tem- 
perature? 

7.15. Using the Clausius-Clapeyron equation and the data in Tab- 
le VI, find the specific heat of water vaporization at a temperature of 
5° Check the result obtained with the aid of the data in Tab- 
le VII. 

7.16. The pressure of saturated mercury vapours at temperatures 
of t,=100? C and #,=120°C is equal to p,= 0.28 mm Hg and p,= 
= 0.76 mm Hg, respectively. Determine the mean specific heat of 
mercury vaporization within this temperature range. 

7.17. The boiling point of benzene (C,H,) at p=1 atm is equal to 
80.2° C. Determine the pressure of its saturated vapours at a tempera- 
ture of 75.6°C if the mean specific heat of vaporization is equal to 
4x 10° J/kg within the given temperature range. 

7.18. The pressure of the saturated vapours of ethyl alcohol 
(C,H,OH) is equal to 133 mm Hg at a temperature of 40°C, and to 
509 mm Hg at a temperature of 68° C. Find the change in entropy upon 
ae e of 1 gramme of ethyl alcohol at a temperature of 

0° C. 

7.19. The change in entropy upon the vaporization of 1 kmole of 
a certain liquid at a temperature of 50° C is 133 J/deg. The pressure 
of the saturated vapours of this liquid at a temperature of 50°C is 
equal to 92.5 mm Hg. By how much will the pressure of the saturated 
PTE of this liquid change when the temperature changes from 50 
to 51° C? 

7.20. Find the limit pressure to which a vessel can be evacuated by 
means of a mercury-diffusion pump operating without a mercury trap 
if the temperature of the pump water jacket is 15° C. The pressure of 
the saturated mercury vapours at a temperature of 0°C is equal to 
1.6x10-* mm Hg. The specific heat of vaporization of mercury 
ae be taken equal to 75.6 cal/g within the temperature range of 
0-15° C. 

7.21. Knowing that the density of mercury at a temperature of 
0° C is 13.6 g/cm?, find its density at 300° C. The coefficient of volume 
expansion of mercury is to be considered constant and its mean value 
equal to 1.85x 10-4 deg~? within the given temperature range. 

7.22. The density of. mercury is equal to 13.4 g/cm? at a tempera- 
ture of 100°C. At what temperature is the mercury density equal to 
13.1 g/cm’? The coefficient of volume expansion of mercury is equal to 
1.8x 10-4 deg-}. 

7.23. Taking the mean value of the coefficient of water compression 
equal to 4.8x10-* atm, find the density of sea water at a depth of 
5 km if its density at the surface is 1,030 kg/m’. In calculating the hyd- 
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rostatic pressure of the sea water, assume its density to be approxi- 
mately equal to the density of the water at the surface. 

7.24. At 0°C and atmospheric pressure, the coefficient of compres- 
sion of benzene isequal to9x 1075 atm”! and its coefficient of volume 
expansion to 1.24x 107? deg” 1. What external pressure must be appli- 
ed for a volume of the benzene to remain unchanged when heated 
by 1°C. 

7.25. The coefficient of volume expansion of mercury is equal to 
y=1.82Xx 1074 deg”?. Find the coefficient of compression if the ex- 
ternal pressure must be increased by 47 atm for the volume of the 
mercury to remain unchanged when it is heated by 1°C. 

7.26. Find the difference in the levels of mercury in two identical 
communicating glass tubes if the left-hand tube is maintained at a tem- 
perature of 0° C and the right-hand one is heated to 100° C. The height 
of the left-hand tube is 90 cm. The coefficient of volume expansion of 
mercury is 1.82x 107* deg”!. Disregard the expansion of the glass. 

7.27. Mercury is poured into a glass vessel with a height of H= 
=10 cm. At a temperature of t=20* C the level of the mercury is 
h=1 mm below the upper edge of the vessel. By how much can the 
mercury be heated so that it does not flow out of the vessel? The coef- 
ficient of volume expansion of mercury is y=1.82x107* deg”!. 
Disregard the expansion of the glass. 

7.28. A glass vessel filled with mercury at a temperature of 0°C 
up to its edges weighs 1 kgf. The empty vessel weighs 0.1 kgf. Neglect- 
ing the expansion of the glass, find the amount of mercury which can be 
contained in the vessel at a temperature of 100° C. The coefficient of 
volume expansion of mercury is 1.8 x 10-* deg-'. 

7.29. Solve the previous problem taking into account the expansion 
of the glass. Assume that the coefficient of volume expansion of the 
glass is equal to 3 x 10-* deg-?. 

7.30. A glass vessel is filled up to its edges with liquid oil at a tem- 
perature of 0° C. When the vessel with the oil was heated to 100°C, 
six per cent of the oil flowed out. Find the coefficient of volume expan- 
sion of the oil y,¡¿, assuming the coefficient of volume expansion of the 
glass to be equal to y = 3 x 10-* deg-?. 

7.31. What will the relative error in determining the coefficient of 
volume expansion of the oil in the conditions of the previous problem 
be if the expansion of the glass is neglected? 

7.32. The temperature in a room is 37° C and the atmospheric pres- 
sure 760 mm Hg. What pressure (in mm Hg) will be shown by a mer- 
cury barometer hanging in the room? Consider the expansion of the 
glass to be small as compared with that of the mercury. The coefficient 
of volume expansion of mercury is 1.82 X 1074 deg-!. 

.7.33. (1) What force must be applied to a horizontal aluminium 
ring with a height of A = 10 mm, an internaMdiameter of d,= 50 mm 
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and an external diameter of d,= 52 mm to tear the rin 
the surface of water? (2) What part of the force determined is Mies 
the force of surface tension? 

7.34. A ring with an internal diameter of 25 mm and an external 
diameter of 26 mm is suspended on a spring with a deformation coef- 
ficient of 10-4 kgf/mm and touches the surface of a liquid. When the 
surface of the liquid lowered, the ring broke away from it upon expan- 
sion of the spring by 5.3 mm. Find the coefficient of 
surface tension of the liquid. B 

7.35. Frame ABCD (Fig. 12) with a movable 
bar KL is covered with a soap film. (1) What should 
the diameter of the copper bar KL be for it to remain «K L 
in equilibrium? (2) What is the length / of the bar if 
isothermal work equal to 4.5 x 10°° J is performed 
when the bar moves over a distance of 1 cm. For 
soapy water a = 0.045 N/m. 

7.36. Alcohol flows out drop by drop from a vessel A D 
through a vertical tube with an internal diameter 
of 2 mm. Find the time during which 10 grammes of Fig. 12 
the alcohol will flow out if the interval between drops 
is 1 second. Assume that the diameter of the neck of a drop at the 
moment it breaks away is equal to the internal diameter of the 
tube. 

7.37. Water flows out drop by drop from a vessel through a vertical 
tube with an internal diameter of d = 3 mm. When the water cools 
from t,= 100°C to ¢,= 20°C, the weight of each drop changes by 
AG = 13.5 x 10-* kgf. Knowing the coefficient of surface tension of 
water at 20°C, find this coefficient at 100° C. Assume that the diameter 
of the neck of a drop at the moment it breaks away is equal to the in- 
ternal diameter of the tube. 

7.38. Twenty drops of lead were formed when the lower end of a ver- 
tically suspended lead wire 1 mm in diameter was melted. By how much 
did the wire become shorter? The coefficient of surface tension of li- 
quid lead is 0.47 N/m. Assume that the diameter of the neck of a drop 
at the moment it breaks away is equal to the diameter of the wire. 

7.39. Drops of water fall from a vertical tube with an internal radius 
of r=1 mm. Find the radius of a drop at the moment when it breaks 
away, considering it to be spherical. Assume that the diameter of the 
neck of a drop at the moment it breaks away is equal to the internal 
diameter of the tube. 

7.40. By how much will a mercury drop obtained from the merging 
of two drops each with a radius of 1 mm be heated? 

.7.41. What work should be performed against the forces of surface 
tension to split a spherical mercury drop with a radius of 3 mm into two 
identical drops? 


ce 
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7.42. What work should be performed against the forces of surface 
tension to double the volume of a soap bubble with a radius of 1 cm. 
The coefficient of surface tension of a soap solution is 4W3X 1073 N/m. 

7.43. What work should be performed against the forces of surface 
en to blow a soap bubble (a=0.043 N/m) 4 cm in diame- 

er? 

7.44. Determine the pressure of the air (in mm Hg) in an air bubble 
with a diameter of d=0.01 mm at a depth of h=20 cm below the 
surface of water. The external pressure p,=765 mm Hg. 

7.45. The pressure of the air inside a soap bubble is 1 mm Hg 
greater than the atmospheric pressure. What is the diameter of the 
bubble? The coefficient of surface tension of the soap solution is 
0.043 N/m. 

7.46. Find the depth of an air bubble under water if the density of 
the air in the bubble is 2 kg/m’. The diameter of the bubble 
is 0.015 mm, the temperature 20°C and the atmospheric pressure 
760 mm Hg. 

7.47. How many times is the density of air in a bubble in water at 
a depth of 5 m below the surface greater than the density of the air at 
atmospheric pressure (at the same temperature)? The radius of the 
bubble is 5x107* mm. 

7.48. An open capillary tube with an internal diameter of d= 
=3 mm is lowered into a vessel with mercury. The difference between 
the levels of the mercury in the vessel and in the capillary tube Ah= 
=3.7 mm. What is the radius of curvature of the mercury meniscus 
in the capillary tube? 

7.49. An open capillary tube with an internal diameter of d= 
=] mm is lowered into a vessel with water. The difference between the 
levels of the water in the vessel and in the capillary tube is Ah= 
=2.8 cm. (1) What is the radius of curvature of the meniscus in the 
capillary tube? (2) What would the difference between the levels in 
the vessel and the capillary tube be if wetting were complete? 

7.50. To what height will benzene rise in a capillary tube whose in- 
ternal diameter is d=1 mm? Consider wetting to be complete. 

7.51. What should the internal diameter of a capillary tube be for 
the water to rise in it by 2 cm with complete wetting? Solve the problem 
ice the cases when the capillary tube is: (1) on the Earth, (2) on the 

oon. 

7.52. Find the difference in the levels of mercury in two communi- 
cating capillary tubes with the diameters d=] mm and d,=2 mm, 
respectively. Consider that there is absolutely no wetting. 

7.53. What should the maximum diameter of the potes in the wick 
of an oil stove be for the oil to rise from the bottom of the stove to the 
burner (height h=10 cm)? Consider the pores as cylindrical tubes and 
wetting to be complete. 
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7.54. A capillary tube with an internal radius of 2 mm is lowered 
into a liquid. Find the coefficient of surface tension of the liquid if the 
weight of the liquid that has risen in the capillary tube is 9x 107* kgf. 

7.55. A capillary tube with an internal radius of r=0.16 mm is 
lowered vertically into a vessel with water. What should the air pres- 
sure above the liquid in the capillary tube be for the water level in the 
capillary tube and in a broad vessel to be the same? The external pres- 
sure pp=760 mm Hg, and wetting is complete. 

7.56. A capillary tube is lowered vertically into a vessel with water. 
The upper end ofthe tube is soldered. For the level of the water in the 
tube and in a broad vessel to be the same, the tube has to be submerged 
into the water by 1.5 per cent of its length. What is 
the internal radius of the tube? The external pressure 
is 750 mm Hg and wetting is complete. 

7.57. The internal diameter d of barometric tube A 
filled with mercury (Fig. 13) is: (a) 5mm, (b) 1.5 cm. 
Çan the atmospheric pressure be determined directly 
from the height of the mercury column? Find the 
height of the mercury column in each case if the at- 
mospheric pressure py=758 mm Hg. Consider that 
there is absolutely no wetting. 

7.58. The internal diameter of a barometric tube Fig. 13 
is 0.75 cm. What correction should be made when 
measuring the atmospheric pressure according to the height of the 
mercury column? Consider that there is no wetting. 

7.59. What will the relative error be in calculating the atmospheric 
pressure equal to 760 mm Hg according to the height of a mercury co- 
lumn if the internal diameter of the barometric tube is: (1) 5 mm and 
(2) 10 mm? Consider that there is no wetting. 

7.60. A greased steel needle which is unwettable by water is placed 
onto the surface of water. What will the maximum diameter of the 
needle be at which it will still remain on the surface? 

7.61. Will a greased (unwettable by water) platinum wire 1 mm in 
diameter float on the surface of water? 

7.62. The bottom of a vessel with mercury has a hole. What can 
the maximum diameter of the hole be at which no mercury will flow 
out from the vessel when the mercury column is 3 cm high? 

7.63. The bottom of a glass vessel with an area of A=30 cm? has 
a round hole with a diameter of d=0.5 mm. The vessel is filled with 
mercury. How much mercury will remain in the vessel? 

7.64. Find the weight of a water skater running over water if under 
each of the six legs of the insect a hemisphere with a radius of 0.1 mm 
is formed. 

7.65. What force must be applied to detach two wetted photographic 
plates 9X12 cm in size from each other without shifting them? The 
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thickness of the water layer between the plates is 0.05 mm and the 
wetting is complete. 

7.66. A liquid is poured between two vertical flat and parallel 
glass plates at a distance of 0.25 mm from each other. Find the density 
of the liquid if the height which it rises to between the plates is 3.1 cm 
(a=30 dyne/cm). Consider wetting to be complete. 

7.67. There are five grammes of mercury between two horizontal 
flat and: parallel glass plates. A load of 5 kgf is placed on the upper 
plate and the distance between the plates becomes equal to 0.087 mm. 
Neglecting the weight of the plate as compared with that of the load, 
find the coefficient of surface tension of the mercury. Consider that there 
is no wetting. 

7.68. An open capillary tube contains a drop of water. When the 
tube is in its vertical position the drop forms a column with a length 
of: (1) 2 cm, (2) 4 cm, (3) 2.98 cm. The internal diameter of the capil- 
lary tube is 1 mm. Determine the radii of curvature of the upper 
and lower meniscuses in each case. Consider wetting to be com- 

ete. 

f 7.69. Water is pumped into a horizontal capillary tube with an in- 
ternal diameter of d=2 mm so that a column h=10 cm long is for- 
med. How many grammes of the water will flow out of the tube if it is 
placed vertically? Consider wetting to be complete. 

Note. Bear in mind that the maximum length of the water column 
left in the capillary tube should correspond to the radius of curvature 
of the lower meniscus, equal to the radius of the tube (see the solution 
of the previous problem). 

7.70. A column of alcohol is contained in an open vertical capillary 
tube with an internal radius of r=0.6 mm. The lower meniscus of the 
column hangs from the bottom end of the tube. 
Find the height h of the alcohol column at which 
the radius of curvature R of the lower meniscus 
is equal to: (1) 37, (2) 27, and (3) r. Consider 
wetting to be complete. 

7.71. The tube shown in Fig. 14 is open at 
both ends and filled with kerosene. The internal 
radii a and b are equal to r,=0.5 mm and r,= 
=0.9 mm, respectively. At what difference Ah 
between the levels will the meniscus at the end 
of tube a be: (1) concave with a radius of cur- 
vature of R,=7,, (2) flat, (3) convex with a 

Fig. 14 radius of curvature of R,=r., (4) convex and 
equal to r,? Consider wetting to be complete. | 

7.72. A capillary tube is so submerged into a broad vessel with 
water that the upper end of the tube is above the level of the water in 
the vessel by h=2 cm. The internal radius bf the capillary tube r = 
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= 0.5 mm. Find the radius of curvature R of the meniscus in the tube 
Consider wetting to be complete. í 

7.73. An aerometer floats in water which wets its walls comple- 
tely. The diameter of the vertical cylindrical tube of the aerometer 
d=9 mm. How much will the depth of submergence of the aerometer 
change if several drops of alcohol are poured onto the surface of the 
water? 

7.74. An aerometer floats in a liquid having a density of p= 
=800 kg/m® and a coefficient of surface tension of «=30 dyne/cm. 
The liquid completely wets the walls of the aerometer. The diameter 
of the vertical cylindrical tube of the aerometer d=9 mm. How much 
will the depth of submergence of the aerometer change if greasing 
makes it completely unwettable? 

7.75. When 10 grammes of sugar (C,,H,.0,;) are dissolved in 0.5 lit- 
re of water the osmotic pressure of the solution is equal to 1.52x 
x 105 N/m*. What is the temperature of the solution? The sugar mole- 
cules are not dissociated. 

7.76. The osmotic pressure of a solution at a temperature of 87° C 
is equal to 1.65 10° N/m*. What number of water molecules is there 
per molecule of the substance dissolved in the solution? There is no 
dissociation. 

7.77. Two grammes of table salt are dissolved in 0.5 litre of wa- 
ter. The degree of dissociation of the salt molecules is 75 per cent. 
OS the osmotic pressure of the solution at a temperature of 
17°C. 

7.78. When table salt is dissolved in water, the degree of dissocia- 
tion of its molecules is 40 per cent. The osmotic pressure of the solution 
is equal to 1.21 kgf/cm? at a temperature of 27° C. How much of the 
salt is dissolved in 1 litre of water? 

7.79. Table salt in an amount of 2.5 grammes is dissolved In 1 litre 
of water at a temperature of 18°C. The osmotic pressure of the solution 
is 1.6 10° N/m?. (1) What is the degree of dissociation of the salt 
molecules? (2) How many particles of the dissolved substance are there 
in 1 cm? of the solution? 

7.80. Forty grammes of sugar (C,.H,.0,,) are dissolved in 0.5 litre 
of water. The temperature of the solution is 50°C. What is the pres- 
sure of the saturated water vapours above the solution? 

7.81. The pressure of saturated vapours above a solution is 31.5 mm 
Hg E a temperature of 30°C. Find their pressure at a temperature of 


7.82. The pressure of saturated vapours above a solution is 1.02 
times smaller than that of pure water. How many molecules of water 
are there per molecule of the dissolved substance 

7.83. One hundred grammes of an unvolatile substance are dissolv- 
ed in 1 litre of water. The temperature of the solution is 90° C and the 
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pressure of the saturated vapours above the solution 515.9 mm Hg. 
Determine the mass of one kilomole of the dissolved substance. 

7.84. An unvolatile substance with a mass of one kilomole of p= 
=60 kg/kmole is dissolved in water. The temperature of the solution 
is 80° C and the pressure of the saturated vapours above the solution 
353 mm Hg. Find the osmotic pressure of the solution. 


8. Solids 


The change in the melting point dT upon a change in the pressure by 
dp is described by the Clausius-Clapeyron equation 


dT =T Vs dp 
Yo 


where qo= molecular heat of fusion 
V,= volume of one kilomole of liquid 
V,= volume of one kilomole of solid 
T= melting point. 

When the temperatures are not too low, solids obey Dulong and Pe- 
tit’s law, according to which the atomic heat of al! chemically simple 
solids is approximately equal to 3 R=25x10* J/kg-atom -deg= 
=6 cal/g-atom -deg. 

The amount of heat transferred by conduction during the time A? 
can be determined from the formula 


Q=-—AL AAA! 


wher AT = temperature gradient in a direction perpendicular to the 
area AA 
= coefficient of thermal conductivity. 
When the temperature rises, the length of solids increases to a first 
approximation linearly with the temperature, i.e., 


a) 


where /,= length of a solid body at the temperature £ 
l,= length of the body at the temperature 0° C 
a = coefficient of linear thermal expansion. 


For isotropic solids a = Y, where y is the coefficient of volume 
thermal expansion. 


_In deformation due to longitudinal tensign (or unilateral compres- 
sion) of a rod, the relative change in its length according to Hooke’s 
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law is 


where p,= specific load, i.e., p= z (here F is the tensile or compres- 
sive force, and A is the cross-sectional area) 
E = modulus of elasticity (Young’s modulus). 
The relative change in the thickness of a rod in longitudinal tension is 


Ad 
Aa Bp, 

where f is the coefficient of lateral compression. The quantity 
p = BE 


Is known as Poisson’s ratio. 
To twist a rod (a wire) through a certain angle q the moment of a 
couple of forces should be applied 


__nGrip 
M= 21 





where / = length of the wire 
r= radius of the wire 
G = shear modulus of the wire material. 

8.1. When 1 kmole of ice is melted,.the change in the entropy is 
22.2 kJ/deg. Find the change in the melting point of the ice when the 
external pressure is increased by 1 x 105 N/m?. 

8.2. The melting point of tin is 231.9° C at a pressure of 10° N/m?, 
and 232.2? C at a pressure of 10” N/m?. The density of liquid tin is 
7.0 g/cm?. Find the increase in entropy when 1 kmole of tin is melted. 

8.3. The melting point of iron changes by 0.012? C when the pres- 
sure changes by 1 kgf/cm?. Find the change in the volume of one kilo- 
mole of iron. 

8.4. By using Dulong and Petit's law, find the specific heat of: 
(1) copper, (2) iron, (3) aluminium. 

8.5. By using Dulong and Petit’s law, find the material which a me- 
tallic ball 0.025 kgf in weight is made of if 117 J of heat are required 
to heat it from 10°C to 30°C. 

8.6. By using Dulong and Petit’s law, find how many times the spe- 
cific heat of aluminium is greater than that of platinum. 

8.7. A lead bullet strikes a wall with a velocity of 400 m/s and pene- 
trates into it. Assuming that 10 per cent of the kinetic energy of the 
bullet is spent to heat it, find by how many degrees the temperature of 
the bullet is raised. Determine the specific heat of lead from Dulong 
and Petit’s law. 
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8.8. A copper plate (with a thickness of d,=9 mm) and an iron 
plate (d.=3 mm) are put together. The external surface of the copper 
plate is maintained at a constant temperature of t,=50% C, and that 
of the iron plate at 4,=0°C. Find the temperature ¢, of the contacting 
surface. The area of the plates is much greater than their thick- 
ness. 

8.9. The external surface of a wall has a temperature of t,= —20* C 
and the internal one—f,= +20* C. The wall is 40 cm thick. Deter- 
mine the thermal conductivity coefficient of the material of the wall if 
each cubic metre of its surface lets through 110 kcal pér hour. 

8.10. How much heat is lost by a room with a floor area of 4x5 m? 
and 3.m high every minute through its four brick walls? The tempera- 
ture in the room f;=15°C and the outside temperature ¢,= —20° C. 
The thermal conductivity coefficient of the brick is 0.002 cal/deg-cm-s 
and the wails are 50 cm thick. Disregard the loss of heat through the 
floor and the ceiling. 

8.11. One end of an iron rod is maintained at a temperature of 
100° C, while the other rests on ice. The rod is 14 cm long, and its 
cross-sectional area is 2 cm*. The rod is heat insulated, and the loss 
of heat through the walls may therefore be neglected. Find: (1) the 
velocity with which the heat flows along the rod, (2) the amount of 
ice melted during 40 minutes. 

8.12. What amount of heat passes in one second through a copper 
rod 10 cm! in area and 50 cm long if the temperature difference at the 
ends of the rod is 15° C? Disregard the heat losses. 

8.13. An aluminium pan 15 cm in diameter filled with water is put 
on a stove. The water boils producing 300 grammes of vapour a minute. 
Find the temperature of the external surface of the pan bottom if it 
is 2 mm thick. Disregard the heat losses. 

8.14. A metal cylindrical vessel with a radius of 9 cm is filled with 
ice at a temperature of 0° C. The vessel is insulated thermally with a la- 
yer of cork 1 cm thick. In how much time will all the ice in the vessel 
melt if the ambient temperature of the air is 25° C? Assume that heat 
exchange occurs only through the sides of the vessel having a mean ra- 
dius of 9.5 cm. 

8.15. What force should be applied to the ends of a steel rod with 
a cross-sectional area of A=10cm*to prevent its expanding when hea- 
ted from f,=0%C to #,=30° C? 

8.16. A load is suspended from a steel wire with a radius of 1 mm. 
The load extends the wire the same amount as heating by 20°C. Find 
the weight of the load. 

8.17. A hot copper wire is stretched at a temperature of 150°C 
between two strong fixed walls. At what temperature will the wire. 


break when it cools? Assume that Hooke’s law is true up to failure of 
the wire. \ 
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8.18. A metal is heated from 0°C to 500°C and its densi 
1.027 times. Determine the coefficient of linear etna locos 
for this metal, considering it constant within the given temperature 
range. 

8.19. What should the length of a steel and a copper rods be at 0°C 
de the steel rod to be 5 cm longer than the copper one at any tempe- 
rature? 

8.20. Thirty three kilocalories are spent to heat a copper blank 
weighing | kgf from a temperature of 0% C. How many times will its 
volume increase? Find the heat capacity of copper from Dulong and 
Petit’s law. 

8.21. When a copper wire with a cross section of 1.5 mm? was ten- 
sioned, a permanent set was observed to begin at a load of 4.5 kgf. 
What is the elastic limit of the wire material? 

8.22. What should the minimum diameter of a steel wire rope be for 
it to resist a load of 1 tonf? 

8.23. Determine the length of a copper wire which when suspended 
vertically breaks under its own weight. 

8.24. Solve the previous problem for a lead wire. 

8.25. A load suspended from a steel wire rope is lowered froma ship 
to measure the depth of the sea. Neglecting the weight of the load as 
compared with that of the wire rope, find the maximum depth that can 
be ae by this method. Assume the density of sea water to be 
1 g/cm’. 

8.26. A steel wire 40 m long and 2 mm in diameter hangs down from 
the roof of a house. (1) What maximum load can be suspendec from 
this wire without its breaking? (2) How much will this wire stretch 
under a weight of 70 kgf? (3) Will there be permanent set when the 
weight is removed? Assume the elastic limit of steel to be 2.94x 
x 10% N/m?. 

8.27. A load of 981 N is suspended from a steel wire with a radius of 
l mm. What is the maximum angle through which the wire with the 
load can be deflected so that it does not break when the load passes 
through the position of equilibrium? 

8.28. A load of 1 kgf is attached to an iron wire 50 cm long and 
1 mm in diameter. At what maximum number of revolutions per second 
can the wire with the load be revolved uniformly in a vertical plane so 
that the wire does not break? 

8.29. A homogeneous copper rod 1 m long is revolved uniformly 
around a vertical axis passing through one of its ends. What is the ve- 
locity of rotation at which the rod will break? 

8.30. A homogeneous rod revolves uniformly around a_ vertical 
axis passing through its centre. The rod breaks when its end attains 
a linear velocity of 380 m/s. Find the ultimate strength of the rod mate- 
rial. The density of the rod material is 7,900 kg/m*. 
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8.31. A load of 100 kgf is suspended from a steel wire 1 m long and 
with a radius of 1 mm. What is the work of expansion of the wire. 

8.32. A boy's catapult is made of a rubber cord 42 cm long and with 
a radius of 3 mm. The boy stretches the cord by 20 cm. Find Young's 
modulus for the rubber if a stone weighing 0.02 kgf when catapulted 
flies with a velocity of 20 m/s. Disregard the cross section of the cord in 
stretching. 

8.33. A rubber hose 50 cm long and with an internal diameter of 
1 cm is stretched until its length becomes greater by 10 cm. Find the 

internal diameter of the stretched hose if Poisson’s 
A € ratio for rubber is 0.5. 

8.34. In Fig. 15, AB is an iron wire, CD—a copper 
wire of the same length and the same cross section 
as AB, and BD—a rod 80 cm long. A load G=2 kgf 
is suspended from the rod. At what distance x 
should the load be suspended from point B for the rod 
to remain in a horizontal position? 

8.35. Find the moment of a couple of forces requi- 


8 p Ted to twist a wire 10 cm long and with a radius of 
6 0.1 mm through an angle of 10’. The shear modulus 
Fig. 18 of the wire material is 5x 10? kgf/mm?*. 


8.36. The mirror of a galvanometer is suspended 
from a wireL=10 cm long and d=0.01 mm in dia- 
meter. Find the twisting moment which corresponds to a deviation of the 
reflection of [=1 mm on a scale removed from the mirror by D=1 m. 
The shear modulus G of the wire material is 4x 101! dyne/cm?. 

8.37. Find the potential energy of a wire 55cm long and 4x 10-* cm 
in diameter twisted through an angle of 10’. The shear modulus of the 
wire material is 5.9x 102! dyne/cm?. 

8.38. When an electric current flows through the winding of a gal- 
vanometer, its frame carrying a mirror is acted upon by a twisting mo- 
ment equal to 2x10°° dyne-cm. The frame turns through a small 
angle q. The work done in twisting is 8.7 10-18 J. Over what dis- 
tance will the reflection from the mirror shift on a scale one metre from 
the galvanometer? 

8.39. Find the value of Poisson’s ratio at which the volume of a wire 
does not change in tension. 

8.40. Find the relative change in the density of a cylindrical copper 
rod when it is compressed by a pressure of p=1,000 kgf/cm*. 
Poisson's ratio is 10.34 for copper. 

8.41. An iron wire 5 m long is suspended vertically. By how much 
will the volume of the wire change if a load of 10 kgf is attached to it? 
Poisson's ratio for iron is 0.3. 


Chapter 3 
ELECTRICITY AND MAGNETISM 


ELECTRICAL AND MAGNETIC UNITS 


The International System of Units (SI) incorporates the MKSA sys- 
tem used to measure electrical and magnetic quantities (USSR State 
Standard GOST 8033-56). 

The basic units in this system are the metre (m), kilogramme (kg), 
second (s) and ampere (A). The derived units of the MKSA system are 
formed on the basis of the laws which establish the relationship between 
the relevant physical quantities. For example, the unit of the quantity 
of electricity—the coulomb (C)—is determined from the equation 
Q=/t as the quantity of electricity which flows through the cross 
section of a conductor in one second when the current intensity is one 
ampere, i.e., 1 C=! AX1s. The unit of potential difference—volt 
(V)—can be found from the equation P=U x1, where P isthe power 


of the current. Hence 1 V=ņ%5 - By proceeding in this way, we can 


a a TA for the other derived quantities in the MKSA system (see 
able 11). 

The MKSA units are used to rationalize the formulas. Many equa- 
tions relating to the theory of electric and magnetic phenomena contain 
the numerical factor 4 x (for example, the Gauss theorem, the capaci- 
tance of a plane capacitor, the magnetic field intensity inside a sole- 
noid, etc.). The equations are rationalized to dispense with this factor 
in the formulas most frequently used in electrical and radio engineer- 
ing. The factor 4 x, however, will enter other formulas used less frequ- 
ently, and in which its presence can be explained by geometrical 
considerations. The USSR standard specifies the electrical and magne- 
tic units of the SI system for the rationalized form of equations of the 
electromagnetic field. Accordingly, all the equations in the introduc- 
tions to the sections of Chapter 3 are given im the rationalized form. 

Besides the MKSA system, GOST 8033-56 permits the CGS (Gaus- 
sian) system to be used for electrical and magnetic measurements. 
For this reason the numerical data in the problems will not always be 
given in the MKSA system. But, bearing in mind the advantages of a 
unified system, we shall, as before, solve the problems only in the 
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TABLE 11 
Di i 
Quantity and symbol Formula Unit Symbol ot quan? ° 
Basic Units 
Length / = metre m l 
Mass m — kilogramme kg m 
Time f — second s t 
Current intensity, / — ampere A I 
Derived Units 
Quantity of electricity Q=IJ/t |coulomb or ampere- |C(A-s) tl 
second 
Flux of electric displacement g= N p=| coulomb Cc tI 
(electric induction flux) a 
Sage density of electric r=? coulomb per metre | C/m | 4-1 
Surface density of electric _ Q |coulomb per square| C/m? | 4-21 
charge o=4 | metre 
Electric displacement (electric| D=0 |coulomb per square | C/m? | /-2¢/ 
induction) metre 
Volume density of electric 62 coulomb per cubic} C/m*} /-8¢/ 
charge =ý metre 
; iff . 
es Scere rome AU =F volt V |ímt-3/-1 
Electric field intensity E =" volt per metre Vim | lmt-3/-1 
Electric resistance R=% ohm Q |mt-3/-? 
Resistivity p= RA ohm-metre Q-m | Bmt-3/-2 
Electric capacitance c=8 farad F ae 
Current density J =+ dera square | Aym? | 122 
Magnetic flux ldO®|=Edt| weber Wb ļ|imt-2]-:2 
Eis x _Q |tesla (weber per] T | mt-2/-1 
Magnetic induction B=5 square metre) 
E 
Inductance era henry H  |fmt-2/-3 
Magnetic field intensity ==. ampere per metre | A/m t-Y 
Magnetic moment of current-car-| p=/A ampere-square met- | A.m2 12] 


rying circuit (oí pointer) re 
Pé AAA A A da o 
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MKSA system. For this purpose the numerical data ¡ 

should be converted into MKSA units. Table 12 shows pi ition 
ships between certain units of the CGS and MKSA systems according 
to GOST 8033-56. 

Since in the CGS system most of the units have no names, we shall 
denote the unit of a physical quantity by the symbol of this system 
with the corresponding subscript. Thus, the unit of current intensity 
will be designated CGS, and the unit of capacitance by CGS, ete. 

The relations in Table 12 are between CGS units for non-rationalized 
equations and MKSA units for rationalized equations of the electro- 
magnetic field. For the relationship between these equations see the 
Appendix. 

Let us introduce the relative permittivity (dielectric constant) of a 


medium e,= = , Where e is the absolute permittivity, whose numerical 


value depends both on the properties of the medium and the choice of 
the system of units, and e, is the permittivity of a vacuum. The nume- 
rical value of eo depends only on the choice of the system of units. Hen- 
ce e in all equations may be replaced by the numerically equal quan- 
tity e9e,, where e, is the permittivity of a vacuum and e, is the rela- 
tive permittivity (dielectric constant) of the medium with respect to a 
vacuum, i.e., thé usual tabulated value of the permittivity. In the 
CGS system 
e=] and e=e, 
and in the MKSA system 


e =z X 10” F/m=8.85x107" F/m (cœ 3x10° m/s) 


Similarly, let us take instead of the absolute permeability of a medium 
p the numerically equal quantity pa,, where po is the permeability in 
a vacuum and p, is the relative permeability of the medium with res- 
pect to a vacuum, i.e., the usual tabulated value of the permeability. 
In the CGS system 
Ho=1 and p=p, 
In the MKSA system 
po=4nx 107? H/m=12.57x107? H/m 


EXAMPLES OF SOLUTIONS 


Example 1. Find the radius of a ball in air if the surface density ol 
its charge is equal to 
o =0.138 0 
cm 


when the ball is charged to a potential of U=4 CGS,. 
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TABLE 12 
Quantity Unit and its conversion factor to SI 
; ; 10 1 
Current intensity 1 CGS; =7 A =7 X 10-°A 
Quantity of electricity | 0GSy=2C==> x 10-9C 
: : 10 1 
t fl 1 = — CC — — -9 
Flux of electric displacement (flux of | ! CGS, imc’ na xX 10-9C 


electric induction) 





ar tia 3 105 1 

Elect t d =—— 2= -5 2 

ectric displacement (electric induction) | 1 CGSp 70m 43 x10-5C/m 
Surface density of electric charge Icas, = Cmte X 10-8 C/m? 
Potential difference 1 CGSy =c X 10-8 V=3x 102? V 
Electric field intensity 1 CGSg¿=cXx 107 V/m=3xX 101 V/m 
Electric resistance 1 CGSp=c? xX 1079 Q=9x 101 Q 
Resistivity t CGS, = x 10-4 Q-m=9 x 10°Q.m 
Electric capacitance 1 CaSc=4 X 109 F=> x 1071F 
Current density 1 cas, =2 Asm? = X 10-5 A/m? 
Magnetic flux 1 CGS, =1 maxwell (Mx) =10~® Wb 
Magnetic induction 1 CGSg=1 gauss (Gs) = 10-4 T 
Inductance 1 CGS; =c?X10-® H=9xX 10" H * 
Magnetic field intensity 1CGSy=1 oersted (Oe) = ¿10% Am 


Note. In this table the numerical value of the velocity of light in a vacuum is expres- 
sed in centimetres per second, i. e., c=3Xx10!% cm/s. 


* The unit of inductance can be determined either by the equation -L or the 


equation ®=L/7; in the CGS system o=} LI. From the first equation | L 1257, and thus 


1 
— x 10°CGS jis 
AVx 1s (z Y 


=> , 
x =o7X10" CGS, 


1H= 








Css; 
whence 1 CGS¿=c*x10-* H This relation is given in Table 12 in conformity with 
GOST 8033-56. If we take the second equation, L =$. and thus 

ex1Wb_*(10*CGSp) 


1H= 
1A e 2 
To “631 





=10* COS, 


whence 1 CGS; = 10~*H. This relation is given in almost all text-books on physics. In 


this book the inductance will be expressed only in SI aes (H). 
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Solution. The charge of the ball Q, its capacitance C and potential U 
are related by the equation 


c=9 a) 
where 
Q = o4nr? (2) 
Besides, the capacitance of a ball is 
C = 4neye,r (3) 
From Eqs. (1), (2) and (3) we have 
pe eel (4) 


o 
In our case e, =8.85x 1071? F/m, e, =1, U=4 CGS¿=12x10* V, 
138 GSg _ 0.138 
Cent ge 
Eq. (4), we obtain 
__ 8.85 10-12 x 12x 10? x3 
= 0.138 10-5 


Example 2. The electric induction (displacement) in a plane capaci- 


tor is 10-° C/m?. What is the surface density of the charge on the plates 
of this capacitor? 
o 


Solution. We have D=epje,E, but E= rend hence 
r 


D=28, z =0 (1) 


x107: C/m?. Upon inserting these data in 


m = 23 x 10-? m = 2.3 cm 


i.e., the induction of the electric field is numerically equal to the sur- 
face density of the charge on the capacitor plates. In our case D= 
= 10-5 C/m?. Hence o = 10-5 C/m?. Let us now convert the quantities 
D and o into CGS units. According to Table 12 


105 4 
1CGS, =37 C/m* or 1 C/m*=7q CGS, (2) 
Hence 
D=107! C/m? = 10- {şs CGSp =37.7 CGSp (3) 


Further, o=107~5C/m?. From Table 12, 1C=5 CGS¿. Besides, 
1 m=10'cm, and thus 


exCGSo 


CGS 
1 Cin = igscigrant = 3% 10° Sar (4) 
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and 

5 i CGSg „CGSq 
Hence, the quantities D and o are numerically equal only in the ratio- 
nalized MKSA system, and do not coincide in the non-rationalized 
CGS system. Therefore, when the “toulomb per square metre” is con- 
verted into the CGS system, pay attention to the quantity it follows, 
since, according to Eqs. (2) and (4), we have 


1 C/m? = 1 MKSAp = Fe CGSp 


and 
1 C/m*=1 MKSA, =3x 10* CGSy/cm? 


Example 3. When a current / = 4 A is passed through the winding 
of a long coil without a core, the magnetic flux through this coil is 
@=250 Mx. The cross-sectional area of the coi! A = 5 cm?. What is 
the number of turns in this coil per unit of length? 

Solution. The magnetic flux through a solenoid is determined from 
the formula D= pou,/nA, whence 


o 
"=p TA e) 


In our case, ® = 250 Mx = 250x 107° Wb, p, = 12.57 x10-° H/m, 
p»=1, /=4 A, and A =5 cm? =5x 10-4 m?. Upon inserting these 
data into Eq. (1), we obtain 


= 250% 10-# ie a 
n= naaa oa m =1,000m 


Example 4. A plane capacitor is periodically charged by a storage 
battery to the potential difference U=80 V and discharged through 
a solenoid (without a core). The capacitor is switched over 100 times 
a second. The area of the capacitor plates A=100 cm, and the dis- 
tance between the plates d=4.7 mm. The space between the plates is 
filled with paraffin (e,=2.1). The solenoid /=25 cm long has N= 
=250 turns. Find the mean magnetic induction in the solenoid. 

Solution. Upon each discharge of the capacitor, the solenoid will 


let through electricity amounting to Q=CU, where C is the capaci- 
tance equal to totrA . The mean intensity of the current passing through 


the solenoid is /= Qn, where n is the number of capacitor discharges 
a second. The intensity of the magnetic field inside the solenoid H= 


=1% and the magnetic induction in the solenoid B = pqu,H. 
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From all these equations we finally obtain 
__ Ppllplp2, AUNN 
Denu S (1) 
In our case po=12.57x107?} H/m, p,=1, e.=8.85x 10-12 F/m, 
e,=2.1, A=100 cm*=100x107% m?%, U=80 V, n=100 + s 
N=250, l=25 cm=0.25 m and d=4.7 mm=4.7x10-3 m. 
Upon inserting these data into Eq. (1), we get 
B= 12.57 x 10-7 18.85 X 10-13 x 2.1 x 10-280 x 102 x 250 
a 0.25 4.7x 10-8 
=3.97 x 107" T 
By using Table 12, the answer can also be obtained in gausses 
. B=3.97 Xx 107* Gs 


T= 


9. Electrostatics 


According to the Coulomb law, the force acting between two charged 
bodies whose dimensions are small with respect to the distance between 
them can be found from the formula 

F= U% 


~ 4mege,r” 


where Q, and Q,= electric charges of the bodies 
r = distance between them 
e,= relative permittivity of the medium 
e,= permittivity in a vacuum in the MKSA system 
equal to 8.85x 10-13 F/m. 
The intensity of an electric field is determined from the formula 





F 
E =F 

where F is the force acting on the charge Q. 
The intensity of the field of a point charge is 


ES Ameer? 


The intensity of an electric field induced by several charges (for examp- 
oe dipole field) can be found by the geometrical summation of the 
elds. 
From the Gauss theorem, the intensity flux through any closed sur- 


face is 
20 


o 
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where 2 Q is the algebraic sum of the charges present inside this sur- 
face. Accordingly, the electric induction flux through any closed sur- 
face is equal to 

Np= 20 


The Gauss theorem can be used to find the intensity of the electric 
field formed by various charged bodies. 
The intensity of a field formed by a charged infinitely long filament is 
T 
E = 211e/e,4 
where t is the linear density of the charge on the filament and a is 
the distance from the filament. If the filament is finite in length, the 


intensity of the field at a point on the perpendicular erected from the 
middle of the filament at a distance of a from it will be 


_ Tsin0 
— 2ep2,4 
where 0 is the angle between the normal to the filament and the radius- 


vector drawn from the point to the end of the filament. 
The intensity of the field formed by a charged infinitely long plane is 





_ 0 
——2ept, 
where o is the surface density of the charge on a plane. 
If the surface is made in the form of a disk with a radius of R, the 
intensity of the field at a point on the perpendicular erected from the 
centre of the disk at the distance a from it is equal to 


o a 
E =n (VEFA) 


The intensity of the field formed by oppositely charged parallel and 
infinite planes (the field of a plane capacitor) will be 


__9 
~~ Gey 
The intensity of the field formed by a charged ball is 
E= Anee,pr? 


where Q is the charge of the ball with a radius of R, and r is the di- 
stance from the ball centre; r > R. 


The electric induction of the field D can be found from the formula 
D=e,2,E =o 
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The difference of potentials between two points of an electric field 
is determined by the work which must be performed to transfer a unit 
of positive charge from one point to the other 


w 
U 1 15T 
The potential of the field of a point charge is 
_ 2 
Ut 


where r is the distance from the charge. 
The intensity of an electric field and the potential are related 
by the formula 


dU 
E=- 
For a homogeneous field—the field of a plane capacitor 
U 
E=7 


where U is the difference of potentials between the capacitor plates 
and d is the distance between them. 

The potential of an isolated conductor and its charge are 
related by the formula 


Q=CU 


where C is the capacitance of the conductor. 
The capacitance of a plane capacitor is 


€p27 A 
ig 
where A is the area of each plate of the capacitor. 
The capacitance of a spherical capacitor 


_ Anegepr R 
C= a 


where r is the radius of the internal sphere and R is the radius 
of the external one. In a particular case, when R=00, 


C = Anees 


is the capacitance of an isolated sphere. 
The capacitance of a cylindrical capacitor 


loge — 


8—3574 
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where / is the height of the coaxial cylinders, and r and R are 
the radii of the internal and external cylinders, respectively. 
The capacitance of a system of capacitors is 


C=C,4+C,+C,+ ... 
when the capacitors are connected in parallel, and 


Peete dead 
Ce ee N 
when the capacitors are connected in series. 


The energy of an isolated charged conductor can be found 
from one of the following three formulas 


W,=3QU, W,=4CU, W,=% 


In the particular case of a plane capacitor 
wW = eye AU2 _ eye, E2Ad _ 0?Ad 


€ 2d 2 288 
where A = area of each plate 
o = surface density of charge on the plates 
U = difference of potentiais between the plates. 
The quantity 





2 
Vi =a 


is known as the volume energy density of an electric field. 
The force of attraction of the plates in a plane capacitor is 


p=ttrElA _ ter AU? _ %A 





9.1. Find the force of attraction between the nucleus of a hydrogen 
atom and an electron. The radius of the hydrogen atom is 0.5x 10-* cm 
and the charge of the nucleus is equal in magnitude and opposite in 
sign to that of the electron. 

9.2. Two point charges in air at a distance of 20 cm from each other 
interact with a certain force. At what distance from each other should 
these charges be placed in oil to obtain the same force of interaction? 

9.8. Plot a diagram showing how the force of interaction between two 
point charges depends on the distance between them within the limits 
of 2<r<10 cm at intervals of 2 cm. The charges are equal to 2x 
x10”* C and 3x10”* C, respectively. 

9.4. How many times is the force of Newtonian attraction between 
two protons smaller than the force of Coulomb repulsion? The charge 
of a proton is numerically equal to that of an electron. 
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9.5. Calculate the force of electrostatic repulsion between the nuc- 
leus of a sodium atom and a proton bombarding it, assuming that the 
: proton approaches the sodium atom nucleus by 6x10-:3 cm. The 
charge of the sodium nucleus is 11 times greater than that of the 
proton. Disregard the influence of the electron shell of the sodium 
atom. 

9.6. Two identical charged metal balls weighing 0.2 kgf each are at 
a certain distance from each other. Find the charge of the balls if their 
electrostatic energy at this distance is one million times greater than 
their mutual gravitational energy. 

9.7. How many times is the energy of electrostatic interaction of 
two particles with the charge Q and the mass m greater than their gra- 
vitational interaction? Solve the problem for: (1) electrons, and 
(2) protons. 

9.8. Plot a diagram showing how the potential electrostatic energy 
of two point charges depends on the distance between them within the 
limits 2<r<10 cm at intervals of 2 cm. The charges are Q,= 
=10"* Cand Q.=3Xx10"*? C; e,=1. Plot a diagram for (1) like 
charges, and (2) unlike charges. 

9.9. Find the intensity of an electric field at a point lying at the 
middle between the point charges Q,=8x10"* C and Q,.= —6x 
Xx 10-* C. The distance between the charges is r = 10 cm; e,=1. 

9.10. A negative charge is placed in the centre of a square each 
vertex of which contains a charge of 7 CGS¿. Find the magnitude of the 
negative charge if the resulting force acting on each charge is equal to 
zero. 

9.11. The vertices of a regular hexagon have three positive and three 
negative charges. Find the intensity of the electric field at the centre 
of the hexagon when these charges are arranged in different combina- 
tions. The magnitude of each charge is Q=4.5 CGS. Each side of the 
hexagon is 3 cm. 

9.12. Solve the previous problem if all the six charges at the verti- 
ces of the hexagon are positive. 

9.13. The distance between two point charges Q,= 22.5 CGS, and 
Q,= —44.0 COS, is 5 cm. Find the intensity of the electric field at a 
point which is at a distance of 3 cm from the positive charge and 4 cm 

rom, the negative one. 

9.14. Two balls of the same radius and weight are suspended on 
threads so that their surfaces are in contact. A charge of Qo=4X 
x 10-7 C applied to the balls makes them repel each other to an angle 
of 60°. Find the weight of the balls if the distance from the point of 
suspension to the centre of a ball is 20 cm. 

9.15. Two balls of the same radius and weight are suspended on two 

- threads so that their surfaces are in contact. What charge should be 
applied to the balls for the tension of the threads to become equal to 


8* 
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0.098 N? The distance from the point of suspension to the centre of a 
ball is 10 cm and each ball weighs 5X 10-* kgf. 

9.16. Find the density of the material of the balls in Problem 9.14 
if the angle of divergence of the threads becomes 54” when the balls are 
immersed in kerosene. 

9.17. Two charged balls of the same radius and weight suspended 
on threads of equal length are immersed into a liquid dielectric having 
a density of p, and a dielectric constant (relative permittivity) of e,. 
What should the density p of the material of the balls be for the angles 
of divergence of the threads in the air and in the dielectric to be the 
same? 

9.18. In Fig. 16, line AA is a charged infinite plane with a charge 
surface density of 4x 107° C/cm?, and B is a ball with a like charge 

having a mass of 1 g and a charge of 3CGS¿. What angle 

A will be formed between plane AA and the thread which 

the ball is suspended from? 
9.19. In Fig. 16, line AA is a charged infinite plane 

e and B is a ball with a like charge weighing G=4x 

x 10-5 kgf and having a charge of Q=6.67X10-1° C. 
The tension of the thread which the ball is suspen- 
B ded from is F=4.9Xx10-* N. Find the charge surface 
density on plane AA. 
9.20. Determine the force acting on a charge of 2 CGS 

A if it is located: (1) at a distance of 2 cm from a charged 

thread with a charge linear density of 2Xx10-* C/cm, 

Fig. 16 (2) in the field of a charged plane with a charge surface 

density of 2Xx10-* C/cm?, (3) at a distance of 2 cm 

from the surface of a charged ball with a radius of 2 cin and a charge 

surface density of 2x 10-° C/cm?. In all three cases the dielectric con- 
stant of the medium e,= 6. 

9.21. Plot on one diagram curves showing how the intensity of an 
electric field depends on the distance within the limits 1<r<5 cm 
at intervals of 1 cm if the field is formed by: (1) a point charge of 
100 CGSp, (2) an infinitely long charged thread with a charge linear 
density of 1.67 10-8 C/cm, (3) an infinite charged plane with a 
charge surface density of 2.5 x 10-* C/cm?. 

9.22. Find the intensity of an electric field at a distance of 2x 
Xx 10-® cm from a monovalent ion. The ion is point-chatged. 

9.23. What force does the electric field of a charged infinite plane 
act with on each metre of a charged infinitely long filament placed in 
this field? The charge linear density on the filament is 3x 10-* C/em 
and its surface density on the plane is 2x 10-*® C/cm?. 

9.24. Determine the force (per unit length) which two like-charged 
infinitely long filaments with the same charge linear density of 3 x 
x 10- C/em and spaced 2 cm apart will repel each other with. What 
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work (per unit length) must be performed to move these filaments to- 
gether until they are | cm apart? 

9.25. Two long like-charged filaments are spaced a=10 cm apart. 
The charge linear density on the filaments is 1t,=1,—10-7 C/em. 
Find the magnitude and direction of the intensity of the resulting ele- 
ctric field at a point 10 cm from each filament. 

9.26. Determine the force (per unit area) which two like-charged 
infinitely long planes having the same charge surface density of 3x 
x 107° C/em? will repel each other with. 

9.27. Acopper ball 1 cm in diameter is immersed in oil ‘vith a den- 
sity of p=800 kg/m*. What is the charge of the ball if in a homogene- 
ous electric field it will be suspended in the oil? The electric field is 
directed vertically upward and its intensity E=36,000 V/cm. 

9.28. A charged drop of mercury is in equilibrium in a plane hori- 
zontal capacitor and the intensity of the electric field E=600 V/cm. 
The charge of the drop is 2.4x to CGSg. Find the radius of the 
drop. 

9.29. Prove that the electric field formed by a charged filament of 
finite length changes, in the limit cases, into the electric field of: 
(J) an infinitely long filament, and (2) a point charge. 

9.30. A charged filament is 25 cm long. At what maximum distance 
from the filament (for points lying on a perpendicular erected from its 
middle) can the electric field be regarded as the field of an infinitely 
charged filament? The error should not exceed 5 per cent. 


Note. The error will be p= , where E; is the intensity of the 


2 

eleçtric field of the infinitely long filament and E, that of the field of 
the filament with a finite length. 

9.31. The intensity of an electric field is 1,500 V/cm at point A at 
a distance of 5 cm from an infinitely long charged filament. (1) At 
what limit length of the filament will the determined intensity be true 
to an accuracy of 2% if point A is on a perpendicular erected from the 
middle of the filament? (2) What will the intensity of the electric 
field be at point A if the filament is 20 cm long? The charge linear den- 
sities on the filament and on an infinitely long filament are assumed to 
be the same. (3) Find the charge linear density on the filament. 

9.32. A ring made of wire with a radius of R=10 cm is charged 
negatively and carries a charge of Q=—5x 107° C. (1) Find the in- 
tensity of an electric field on the axis of the ring at points lying at a 
distance of / equal to 0, 5, 8, 10 and 15 cm from the ring centre. Plot 
a diagram E=f((). (2) At what distance l from the ring centre will 
the intensity of the electric field be maximum? 

9.33. The intensity of an electric field on the axis of a charged ring 
reaches its maximum at a distance of (=1,,,, from the centre of the 
ring. How many times will the intensity of the electric field at a point 





located at a distance of /=0.5 /,,, from the centre of the ring be 
smaller than the maximum intensity? 

9.34. Prove that the electric field formed by a charged disk trans- 
forms, in the limit cases, into the electric field of: (1) an infinitely long 
plane, and (2) a point charge. 

9.35. The diameter of a charged disk is 25 cm. At what maximum 
distance from the disk along a normal to its centre may an electric 
field be regarded as the field of an infinitely long plane? The error 
should not exceed 5%. 


Note. The error 6=f = , Where E, is the intensity of the field 


2 
induced by the disk, and E, that of the field induced by an infinite 
plane. 

9.36. Find the intensity of an electric field at point A, at a distance 
of a=5 cm from a charged disk (on a normal to its centre). (t) What is 
the maximum radius of the disk at which the field at point A does not 
differ by more than 2% from that of an infinitely long plane? 
(2) What is the intensity of the field at point A if the disk radius R is 10 
times greater than distance a? (3) How many times is the intensity 
Gene’ at this point smaller than that of an infinitely long 

ane? 

i 9.37. Two parallel unlike-charged disks with the same charge sur- 
face density are at a distance of h=1 cm from each other. (1) What 
can the limit value of the radii R of the disks be for the field between 
the centres of the disks to differ from the field of a plane capacitor by 
not more than 5%? (2) What error fs made in assuming the field for 


these points to be equal to that of a plane capacitor when E =10? 


9.38. A ball with a mass of 40 mg having a positive charge of 107* C 
moves at a velocity of 10 c.n/s. Up to what distance can the ball ap- 
proach a positive point charge equal to 4 CGS¿? 

9.39. Up to what distance can two electrons approach each other if 
they are moving toward each other with a relative velocity of 10° cm/s? 

9.40. A proton (hydrogen atom nucleus) moves with a velocity of 
7.7X10® cm/s. Up to what minimum distance can it approach 
the nucleus of an aluminium atom? The charge of the nuclei of 
aluminium atoms Q=Zes, where Z is the ordinal number of the atom 
in the Mendeleyev (Periodic) Table and e, the charge of a proton nume- 
rically equal to that of an electron. Consider the mass of the proton to 
be equal to that of a hydrogen atom. The proton and the nucleus of 
the aluminium atom are to be regarded as point charges. Disregard the 
effect of the electronic shell of the aluminium atom. 

9.41. In bombarding an immobile sodium nucleus with an a-par- 
ticle, the repelling force between them is 14\kgf. (1) Up to what mini- 
mum distance did the a-particle approach the sodium atom nucleus? 


E, 
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(2) What was the velocity of the a-particle? Disregard the effect of the 
electronic shell of the sodium atom. 

9.42. Two balls with charges of Qi:=20 CGS and Q,= 40 CGS, 
are at a distance of r,=40 cm from each other. What work must be 
performed to reduce this distance to r,= 25 cm? 

9.43. A ball with a radius of | cm and a charge of 4x10-* C is 
immersed in oil. Plot a diagram of the ratio U=f(x) for the points of 
a field at a distance of x equal to 1, 2, 3, 4and 5 cm from the ball surface. 

9.44. Determine the potential of a field point which is at a distance 
of 10 cm from the centre of a charged ball with a radius of 1 cm. Solve 
the problem when: (1) the charge surface density on the ball is 
10-11 C/cm2, and (2) the potential of the ball is 300 V. 

9.45. What work is performed when a point charge of 2Xx10-* C 
is transferred from infinity to a point at a distance of 1 cm from the 
surface of a ball with a radius of 1 cm and a charge surface density of 
o=10"? C/cm?? 

9.46. A ball with a mass of 1 gramme and a charge of 10-* C moves 
from point A whose potential is 600 V to point B whose potential 
is zero. What was the velocity of the ball at point A if at point B it 
is 20 cm/s? 

9.47. Find the velocity v of an electron which passed through a po- 
tential diference of U equal to 1, 5, 10, 100 and 1,000 V. 

9.48. During radioactive decay ana-particle flies from the nucleus of 
a polonium atom at a velocity of 1.6 10° cm/s. Find the kinetic ener- 
gy of the a-particle and the difference of potentials of a field in which 
such a particle from a state of rest can be accelerated to the same 
velocity. 

9.49. A point charge Q=2CGS, is at a distance of r,=4 cm from 
an infinitely long charged filament. Under the action of a field the 
charge moves to the distance r,= 2 cm, and the work W=50 erg 
is performed. Find the linear density of the filament charge. 

9.50. An electric field is formed by a positively charged infinitely 
long filament. An a-particle moving under the action of this field 
from a point at a distance of x,=1 cm from the filament to a point 
x,=4 cm changes its velocity from 2105 to 3x 10° m/s. Find the 
linear density of the charge on the thread. 

9.51. An electric field is formed by a positively charged infinitely 
long filament with a charge linear density of 2X 107? C/cm. What 
velocity will be imparted to an electron by the field if the electron 
approaches the filament from a distance of 1 cm to a distance of 0.5 cm 
from the filament? 

9.52. A point charge Q=2 CGS, is near a charged infinitely long 
plane. The action of the field moves the charge along a force line over a 
distance of 2cm and the work W=50 erg is performed. Find the charge 
surface density on the plane. 
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9.53. The difference of potentials between the plates of a plane 
(plane-parallel) capacitor is 90 V. The area of each plate is 60 cm* 
and its charge 107? C. What is the distance between the plates? 

9.54. A plane capacitor can be used as a sensitive microbalance. 
A particle with a charge of Q=1.44x 10~® CGS, is inside a horizontal 
plane capacitor with the plates spaced d=3.84 mm apart. For the 
particle to be in equilibrium between the capacitor plates, a potential 
as oí U=40 V must be applied. Determine the mass of the 
particle. 

9.55. A charged drop with a mass of m=5X10-!? gramme fs in 
a plane horizontal capacitor with the plates spaced d=1 cm apart. 
When an electric field is absent, the air resistance causes the drop 
to fall with a certain constant velocity. If a potential difference of 
U=600 V is applied to the capacitor plates, the drop will fall with 
half the velocity. Find the charge of the drop. 

9.56. A speck of dust falls between two vertical plates at an equal 
distance from them. In view of the air resistance, the speck of dust 
falls at a constant velocity of 2 cm/s. What time is required for the 
speck of dust to reach one of the plates after a potential difference of 
U=3,000 V is applied to the plates? What vertical distance / will 
be covered by the speck of dust before it reaches the plate? The di- 
stance between the plates d=2 cm, the mass of the speck of dust 
m=2X107* g and its charge Q=6.5Xx 1071”? C. 

9.57. Solve the previous problem, disregarding the force of friction 
(a vacuum capacitor). 

9.58. A charged drop of oil is in a plane horizontal capacitor whose 
plates are spaced d=1 cm apart. When an electric field is absent, 
the drop falls with a constant velocity of v,=0.011 cm/s. If a diffe- 
rence of potentials of U=150 V is applied to the plates, the drop 
will fall with the velocity v,=0.043 cm/s. Find the radius of the 
drop and its charge. The dynamic viscosity of the air y=1.82xX 1075 
N .s/m2, The density of the oil is Ap=900 kg/m* greater than that of 
the gas in which the drop falls. 

9.59. A charged elder ball with a mass of 0.1 gramme hangs ona 
thread between two vertical plates spaced 1 cm apart. A potential 
difference of 1,000 V applied to the plates deflects the thread with 
the ball through an angle of 10%. Find the charge of the ball. 

9.60. A soap bubble with a charge of 2.22x 107** C is in equili- 
brium in the field of a horizontal plane capacitor. Find the difference 
of potentials between the capacitor plates if the mass of the bubble 
is 0.01 gramme and the distance between the plates 5 cm. 

9.61. The distance between the plates of a plane capacitor is 4 cm. . 
An electron begins to move from the negative plate at the same moment 
as a proton begins to move from the positive plate. At what distance 
from the positive plate will they meet? 
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9.62. The distance between the plates of a plane capacitor is 1 cm. 
A proton and an a-particle begin to move simultaneously from one 
of the plates. What distance will be covered by the a-particle during 
the time in which the proton travels the entire path from one plate 
to the other? 

9.63. Having covered the path from one plate to the other in a 
plane capacitor, an electron acquires a velocity of 10° cm/s. The di- 
stance between the plates is 5.3 mm. Find: (1) the difference of 
potentials between the plates, (2) the intensity of the electric 
wa inside the capacitor, (3) the charge surface density on the 
plates. 

9.64. An electric field is formed by two parallel plates at a distance 
of 2 cm from each other. The difference of potentials between them 
is 120 V. What velocity will be imparted to an electron under the 
action of the field after it has covered a distance of 3 mm along a 
force line? 

9.65. An electron in a homogeneous electric field receives an acce- 
leration of 101% cm/s?. Find: (1) the iritensity of the electric field, 
(2) the velocity imparted to the electron during 10-* second of its 
motion if its initial velocity is zero, (3) the work done by the forces 
of the electric field during this time, (4) the potential difference 
passed by the electron. 

9.66. An electron flies from one plate of a plane capacitor to the 
other. The difference of potentials between the plates is 3 kV and the 
distance between them 5 mm. Find: (1) the force acting on the elect- 
ron, (2) the electron acceleration, (3) the velocity with which the 
electron reaches the second plate, (4) the charge surface density on 
the capacitor plates. 

9.67. An electron flies with a certain initial velocity vo into a plane 
capacitor parallel to the plates and at an equal distance from them. 
A potential difference of U=300 V is applied to the capacitor plates. 
The distance between the plates d=2 cm and the capacitor length 
1=10 cm. What is the greatest initial velocity uv, of the electron at 
which it will not fly out of the capacitor? Solve the same problem 
also for an a-particle. 

9.68. An electron flies into a plane horizontal capacitor parallel 
to the plates and at an equal distance from them. The distance between 
the plates d=4 cm and the intensity of the electric field in the capa- 
citor E=1 V/cm. (1) In how much time will the electron get onto 
one of the plates after it has entered the capacitor? (2) At what di- 
stance from the beginning of the capacitor will the electron get 
onto the plate if it has been accelerated by a potential difference 
of 60 V? 

9.69. An electron flies into a plane horizontal capacitor parallel 
to the plates with a velocity of 9x 10% m/s. Find the total, normal 
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and tangential accelerations of tne electron in 10-* second after it 
begins to move in the capacitor. The potential difference between 
them is 1 cm. 

9.70. A proton and an a-particle move with the same velocity 
and fly into a plane capacitor parallel to the plates. How many times 
will the deflection of the proton by the capacitor field be greater than 
that of the a-particle? 

9.71. A proton and ana-particle accelerated by the same potential 
difference fly into a plane capacitor parallel to the plates. How many 
times will the deflection of the proton by the capacitor field be greater 
than that of the a-particle? 

9.72. An electron flies into a plane horizontal capacitor parallel 
to its plates with a velocity of v,=10" m/s. The intensity of the field 
in the capacitor E=100 V/cm and the length of the capacitor [=5 cm. 
Find the magnitude and direction of the velocity of the electron 
when it flies out of the capacitor. 

9.73. A beam of electrons accelerated by a potential difference of 
U=300 V passes through an uncharged horizontal plane capacitor 
parallel to its plates and produces a luminous spot on a fluorescent 
screen arranged at a distance of /,=12 cm from the end of the capa- 
citor. When the capacitor is charged, the spot on the screen is dis- 
placed by y=3 cm. Find the potential difference U, applied to the 
capacitor plates. The length of the capacitor /=6 cm and the distance 
between its plates d=1.4 cm. 

9.74. An electron moves in a plane horizontal capacitor parallel 
to its plates with a velocity of 3.6x10* km/s. The intensity of the 
field inside the capacitor is 37 V/cm and its plates are 20 cm long. 
Over what distance will the electron be displaced in a vertical di- 
rection under the action of the electric field during its motion in the 
capacitor? 

9.75. A proton flies into a plane horizontal capacitor parallel to 
its plates with a velocity of 1.2x 105 m/s. The intensity of the field 
inside the capacitor is 30 V/cm and the length of its plates 10 cm. 
How many times will the velocity of the proton when it flies out of 
the capacitor be gréater than its initial velocity? 

9.76. A potential difference of 150 V is applied between the plates 
of a plane capacitor spaced 5 mm apart. One of the plates is in contact 
with a plane-parallel porcelain plate 3 mm thick. Find the intensity 
of the electric field in air and in the porcelain. 

9.77. Find the capacitance of the Earth. The radius of the Earth 
is 6,400 km. By how much will the Earth’s potential change if it 
receives a quantity of electricity equal to 1 C? 

9.78. A ball with a radius of 2 cm is charged negatively to a po- 
tential of 2,000 V. Find the mass of all the electrons forming the 
charge imparted to the ball during its charging. 
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9.79. Eight charged water drops each with a radius of 1 mm and 
a charge of 10-1° C merge into a single drop. Find the potential of 
the big drop. 

9.80. Two balls of the same radius R=1l cm and weight G=4x 
x 1075 kgf are so suspended on threads of equal length that their 
surfaces are in contact. After the balls are charged, the threads move 
apart over a certain angle and their tension becomes F=4.9x 1074 N, 
Find the potential of the charged balls if the distance from the point 
of suspension to the centre of each ball is {=10 cm. 

9.81. A ball charged to a potential of 792 V has a charge surface 
density equal to 3.33x10-? C/m*?. What is the radius of the ball? 

9.82. Find: (1) the relationship between the radius R of a ball 

and the maximum potential U which it can be charged to in air if 
under normal pressure its discharge in air occurs when the intensit y 
of the electric field Ey=30 kV/cm, (2) the maximum potential of 
a ball with a diameter of 1 m. 
“ 9.83. Two balls of the same radius R=1 cm and weight G=0.15 kgf 
are charged to the same potential U=3 kV and are at a certain di- 
stance r, from each other. Their mutual gravitational energy is 10-11 J, 
The balls approach each other until the distance between them is r}. 
The work necessary to bring the balls closer together is 2X10-* J. 
Find the electrostatic energy of the balls when the distance between 
them is rz. 

9.84. The area of each plate in a plane capacitor is 1 m? and the 
distance between the plates is 1.5 mm. Find the capacitance of this 
capacitor. 

9.85. The capacitor of the previous problem is charged to a poten- 
tial of 300 V. Find the charge surface density on its plates. 

9.86. To make a capacitor with a capacitance of 2.5 10-4 uF, tin- 
foil disks are glued onto both sides of paraffined paper 0.05 mm thick. 
Determine the diameter of these disks. 

9.87. The area of the plates in a plane air capacitor is 100 cm? 
and the distance between them is 5 mm. A potential difference of 300 V 
is applied to the plates. After the capacitor is disconnected from the 
source of power, the space between the plates is filled with ebonite. 
(1) What is the potential difference between the plates after they are 
filled? (2) What is the capacitance of the capacitor before and after 
it is filled? (3) What is the surface density of the charge on the plates 
before and after filling? 

9.88. Solve the previous problem for the case when the space be- 
tween the plates is filled with the insulator with the source of power 
connected. 

9.89. A potential difference of U=300 V is applied between the 
plates of a plane capacitor spaced d=1 cm apart. A plane-parallel 
glass plate with a thickness of d,=0.5 cm and a plane-parallel paraffin 
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plate with a thickness oí d¿=0.5 cm are placed in the space between 
the capacitor plates. Find: (1) the intensity of the electric field in 
each layer, (2) the drop of potential in each layer, (3) the capacitance 
of the capacitor if the area of the plates is A=100 cm?, (4) the sur- 
face density of the charge on the plates. 

9.90. A potential difference of 100 V is applied between the plates 
of a plane capacitor spaced 1 cm apart. One of the plates is in contact 
with a plane-parallel plate of crystalline thallium bromide (e,=173) 
9.5 mm thick. After the capacitor is disconnected from the source of 
power, the crystalline plate is removed. What will the potential diffe- 
rence between the plates be after this is done? 

9.91. A coaxial electric cable consist: of a core and a concentric 
cylindrical sheath with insulation between them. Find the capaci- 
tance of a unit length of such a cable (in microfarads per metre) if 
the radius of the core is 1.3 cm, the radius of the sheath is 3.0 cm, and 
the dielectric constant of the insulation (e,) is 3.2. 

9.92. The radius of the core of a coaxial cable is 1.5 cm and the 
radius of the sheath is 3.5 cm. A potential difference of 2,300 V is 
applied between the core and the sheath. Calculate the intensity of 
the electric field at a distance of 2 cm from the cable axis. 

9.93. The radius of the internal cylinder of a cylindrical air capa- 
citor is r=1.5 cm and that of the external cylinder R=3.5 cm. A po- 
tential difference of U=2,300 V is applied between the cylinders. 
What velocity will be imparted to an electron moving from a distance 
of [,=2.5 cm to a distance of [¿=2 cm from the cylinder axis under 
the action of the field of this capacitor? 

9.94. A cylindrical capacitor consists of an internal cylinder with 
a radius of r=3 mm, two layers of insulation and an external cylinder 
with a radius of R=1 cm. The first insulation layer with a thickness 
of d,=3 mm adjoins the internal cylinder. Find the ratio between 
the potential drops in these layers. 

9.95. Photoelectric phenomena are studied with the aid of a con- 
centric spherical capacitor consisting of a central cathode—a metal 
ball with a diameter of 1.5 cm—and an anode—the internal surface 
of a spherical flask 11 cm in diameter silver plated inside. The air 
is pumped out of the flask. Find the capacitance of such a capacitor. 

9.96. What is the potential of a sphere with a radius of 3 cm if: 
(1) it receives a charge of 10~* C, (2) it is surrounded by another sphere 
bat radius of 4 cm concentric with the first one and connected to the 
earth? 

9.97. Find the capacitance of a concentric spherical capacitor 
consisting of two spheres with radii of R,=10 cm and R¿=10.5 cm. 
The space between the spheres is filled with oil. What should the 


radius of a ball placed in the oil be for it ta have the same capaci- 
‘tance? 
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9.98. The radius of the internal sphere of a concentric spherical 
air capacitor is R,=1 cm and the radius of the external sphere R= 
=4 cm. A potential difference of U=3,000 V is applied between the 
spheres. Find the intensity of the electric field at a distance of x=3 cm 
from the centre of the spheres. 

9.99. The radius of the internal sphere oí a concentric spherical air 
capacitor is R,=1 cm and the radius of the external sphere R¿=4 cm. 
A potential difference of U=3,000 V is applied between the spheres. 
What velocity will be imparted to an electron when it approaches the 
centre of the spheres from a distance 


of r,=3 cm to a distance of r=2 cm? cr 

9.100. Find the capacitance of a sy- C 
stem of capacitors (Fig. 17). The ca- | 
pacitance of each capacitor is 0.5 pF. C2 


9.101. The capacitance of two capa- 
citors was compared. with the aid of 
an electrometer. The capacitors were Fig. 17 
charged to potentials of U;:=300 V and 
U,=100 V, and were connected in parallel. The potential difference 
between the plates measured by the electrometer was U=250 V. 
Find the capacitance ratio a. 
9.102. The potential difference between points A and B (Fig. 18) 
is 0.02 CGS,. The capacitance of the first capacitor is 2 pF and that 
of the second 4 pF. Find the charge and 
the potential difference on the plates of 


Cy C2 
A —|||#—- each capacitor. 
9.103. Within what limits can the capa- 


Fig. 18 citance of a system consisting of two capa- 

citors change if the capacitance of one is 

constant and equal to 3.33x 107? F, and that of the other can vary 
from 20 CGS¿ to 500 CGS,? 

9.104. Within what limits can the capacitance of a system consisting 
of two adjustable capacitors change if the capacitance of each can 
vary from 10 to 450 pF? 

9.105. A capacitor with a capacitance of 20 pF is charged to a po- 
tential of 100 V. Find the energy of this capacitor. 

9.106. A sphere with a radius of 1 m is charged to a potential of 
30,000 V. Find the energy of the charged ball. 

9.107. A sphere immersed in kerosene has a potential of 4,500 V 
and a charge surface density of 3.4 CGS /cm?. Find: (1) the radius, 
a. the charge, (3) the capacitance and (4) the energy of the 

a 


9.108. After the power source is cut off, sphere A with a radius of 
10 cm charged to a potential of 3,000 V is connected by means of a 
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wire (whose capacitance may be neglected) first to a remote uncharged 
sphere B and then, after it is disconnected from B, to a remote un- 
charged sphere C. The radii of spheres C and B are 10 cm. Find: 
(1) the initial energy of sphere A, (2) the energy of spheres A and B af. 
ter connection, and the work of the discharge during connection 
(3) the energy of spheres A and C after connection, and the work of 
the discharge during connection. 

9.109. Two metal spheres, one with a charge of 107° C and a radius 
of 3 cm, and the other with a radius of 2 cm and a potential of 9,000 V, 
are connected by means of a wire whose capacitance may be neglected. 
Find: (1) the potential of the first sphere before discharge, (2) the 
charge of the second sphere before discharge, (3) the energy of each 
sphere before discharge, (4) the charge and potential of the first sphere 
after discharge, (5) the charge and potential of the second sphere 
after discharge, (6) the energy of the spheres connected by the wire, 
(7) the work of the discharge. 

9.110. A charged sphere A having a radius of 2 cm is brought into 
contact with an uncharged sphere B having a radius of 3 cm. After 
the spheres are disconnected, the energy of sphere B is 0.4 J. What 
charge was on sphere A before the contact? 

9.111. The plates of a plane capacitor, each 100 cm? in area, are 
attracted towards each other with a force of 3x 10-* kgf. The space 
between the plates is filled with mica. Find: (1) the charges on the 
plates, (2) the intensity of the field between the plates, (3) the energy 
in a unit volume of the field. 

9.112. A thin sheet of mica is inserted between the plates of a plane 
capacitor. What pressure will act on this sheet when the intensity 
of the electric field is 10 kV/cm? 

9.113. An absolute electrometer is made in the form of a plane ca- 
pacitor whose lower plate is immobile and whose upper one is suspen- 
ded from a balance beam. When the capacitor is not charged, the 
distance between the plates d=1 cm. What potential difference was 
applied between the plates if a weight of G=5.1Xx10-* kgf had to be 
placed on the other pan of the balance to preserve the same distance 
d=1 cm? The area of the plates A=50 cm?. 

9.114. The difference of potentials between the plates of a plane 
capacitor each with an area of 100 cm? is 280 V. The charge surface 
density on the plates is 4.95x 10711 C/cm?. Find: (1) the intensity 
of the field inside the capacitor, (2) the distance between the plates, 
(3) the velocity imparted to an electron after it has traveled from one 
plate to the other in the capacitor, (4) the energy of the capacitor, 
(5) the capacitance of the capacitor, (6) the force of attraction of the 
capacitor plates. 

9.115. The area of the plates in a plane air capacitor is 100 cm? 
and the distance between them 5 mm. Find the difference of potentials 
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applied to the plates if 4.19x 107° J of heat was evolved during the 
discharge of the capacitor. 

9.116. A plane air capacitor with its plates spaced 2 cm apart is 
charged to a potential of 3,000 V. What will the field intensity of 
the capacitor be if the plates are moved apart to a distance of 5 cm 
without disconnecting the power source? Calculate the energy of the 
capacitor before and after the plates are moved apart. The area of the 
plates is 100 cm. 

9.117. Solve the previous problem if the power source is first dis- 
connected and then the plates of the capacitor are moved apart. 

9.118. A plane air capacitor in which the plates 100 cm? in area 
are spaced 1 mm apart is charged to 100 V. The plates are then moved 
apart to a distance of 25 mm. Find the energy of the capacitor before 
and after the plates are moved apart if the power source before the 
plates are moved apart: (1) is not disconnected, (2) is disconnected. 

9.119. A plane capacitor is filled with a dielectric and a certain 
potential difference is applied to its plates. The energy of the capacitor 
is 2x 10-5 J. After the capacitor is disconnected from the power 
source, the dielectric is extracted from the capacitor. The work per- 
formed against the forces of the electric field in extracting the die- 
lectric is 7X 10- J. Find the dielectric constant (relative permitti- 
vity) of the dielectric. 

9.120. A plane air capacitor in which the plates are spaced 5 mm 
apart is charged to a potential of 6 kV. The area of the capacitor plates 
is 12.5 cm?. The plates are moved apart to a distance of 1 cm in one 
of two ways: (1) the capacitor remains connected to the power source, 
and (2) before the plates are moved apart the capacitor is disconnected 
from the power source. Find in each of these cases: (a) the change in 
the capacitance of the capacitor, (b) the change in the intensity flux 
through the area of the electrodes, and (c) the change in the volume 
density of the energy of the electric field. 

9.121. Find the volume density of the energy of an electric field 
at a point: (1) at a distance of 2 cm from the surface of a charged 
sphere with a radius of 1 cm, (2) near an infinitely long charged plane, 
(3) at a distance of 2 cm from an infinitely long charged filament. 
The charge surface density on the sphere and the plane is 1 .67 x 1075 
C/m? and the charge linear density on the filament is 1.67 x 10-7 C/m. 
For all the three cases the dielectric constant e,=2. 

9.122. A potential difference of U=1,000 V is applied to the plates 
of a plane capacitor. The distance between the plates is d=3 cm. The 
space between the plates is filled with a dielectric (e,=7). Find: 
(a) the surface density of the bound (polarization) charges and (b) 
the change in the charge surface density on the plates when the capa- 
citor is filled with the dielectric. Solve the problem when: (1) the 
capacitor is filled with the dielectric while the source of the potential 
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difference is connected, (2) the capacitor is filled with the dielectric 
after it is disconnected from the power source. 

9.123. The space between the plates of a plane capacitor is filled 
with a dielectric whose dielectric susceptibility is 0.08. A potential 
difference of 4 kV is applied to the capacitor plates. Find the surface 
density of the charge on the plates and on the dielectric. The distance 
between the plates is 5 mm. 

9.124. The space between the plates of a plane capacitor is filled 
with glass. The distance between the plates is 4 mm. A voltage of 
1,200 volts is applied to the plates. Find: (1) the field in the glass, 
(2) the charge surface density on the capacitor plates, (3) the surface 
density of the bound charge on the glass, and (4) the dielectric sus- 
ceptibility of the glass. 

9.125. The space between the plates of a plane capacitor is filled 
with oil. The distance between the plates is 1 cm. What potential 
difference should be applied to the plates of this capacitor for the 
surface density of the bound charges on the oil to be 6.2 x 10-1° C/cm?? 

9.126. A glass segment is clamped between the plates of a plane 
capacitor. The area of the plates is 100 cm*. The plates are attracted 
towards each other with a force equal to 4.9x 10-3 N. Find the sur- 
face density of the bound charges on the surface of the glass. 

9.127. The space between the plates of a plane capacitor is filled 
with paraffin. When the plates are connected to a source of power, 
the pressure of the plates on the paraffin became 5 N/m?. Find: 
(1) the intensity of the electric field and the electric induction in 
the payaffin, (2) the surface density of the bound charges on the paraf- 
fin, (3) the surface density of the charges on the capacitor plates, 
(4) the volume density of the electric field energy in the paraffin, and 
(5) the dielectric susceptibility of the paraffin. 

9.128. A dielectric is so placed as to completely fill the space between 
the plates of a plane capacitor spaced 2 mm apart. A potential diffe- 
rence of 600 V is applied to the plates. If the power source is discon- 
nected and the dielectric is removed from the capacitor, the potential 
difference on the capacitor plates will rise to 1,800 V. Find: (1) the 
surface density of the bound charges on the dielectric, (2) the suscep- 
tibility of the dielectric. 

9.129. The space between the plates of a plane capacitor with a 
volume of 20 cm! is filled with a dielectric (e,==5). The capacitor 
plates are connected to a power source. The surface density of the 
‘bound charges on the dielectric is equal to 8.35x 107* C/m?. What 
work must be performed against the forces of the electric field to pull 
the dielectric out of the capacitor? Solve the problem for two cases: 
(1) the dielectric is removed with the power source connected, and 
(2) the dielectric is removed after the power source is disconnected. 
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10. Electric Current 


The intensity / of a current is equal numerically to the quantity 
of electricity flowing through the cross section of a conductor in a 
unit of time 

=, 42 
dt 
If /=const, then 


_ Q 
l= 
The density of an electric current is 
/ 
J=7 


where A is the cross-sectional area of the conductor. 
The intensity of a current flowing through a homogeneous conductor 
conforms with Ohm's law 
Y 
R 
‘where U=difference of potentials at the ends of the conductor 
R=resistance of the conductor. 
The resistance of a conductor is 


l l 
R=p7 =z 


a 


where p=resistivity of the conductor 
o =its conductivity 
l =its length 
A =its cross-sectional area. 
The resistivity of metals depends on the temperature as follows 


Pp: =P (1 +at) 
where po=resistivity at 0% C 
a =temperature coefficient of resistance. 


The work of an electric current on a section of a circuit can be 
determined from the formula 


W=1Ut=1RI=Zt 
For a closed circuit Ohm's law has the form 


é 
j= RE 





9—3574 
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where $ = e.m.f. of the generator 
= external resistance 
r = internal resistance (resistance of the generator). 
The total power evolved in a circuit is 


P=61 


Circuits composed of a network of conductors obey one of Kirch- 
hoff’s two laws. 

Kirchhoff’s first law states that: “The algebraic sum of the currents 
at any junction of conductors (branch point) must be zero”, i.e., 


2/=0 


Kirchhoff’s second law states that: “In any closed circuit the alge- 
braic sum of the potential drops in various sections of the circuit is 
equal to the algebraic sum of the electromotive forces in this circuit”, 
i.e., 


ZIR=Z€é 


The following. rules should be observed in using Kirchhoff’s laws. 
The directions of the currents are indicated arbitrarily by arrows on 
the diagram near the respective resistors. Moving along the circuit 
in any direction, let us assume that the currents- whose direction 
coincides with the direction of this movement are positive, and that 
the oppositely directed currents are negative. The e.m.f.s will be 
positive if they increase the potential in the direction of the movement, 
i.e., when passing from the minus to the plus of a generator. After 
the equations have been solved, the sought quantities may be negative. 
If currents are being determined, a negative value indicates only 
that the actual direction of the current in the given section of the 
circuit is opposite to that sl own by the arrow. If resistances are being 
determined, a negative value indicates a wrong result (since ohmic 
resistance is always positive). In this case the direction of the current 
in the given resistor should be reversed and the problem solved for 
these conditions. 

Faraday established two laws for an electric current. According 
to the first law, the mass m of a substance liberated during electrolysis 
is equal to 

m=KIt=KQ 


where Q is the quantity of electricity that passed through the electro- 
lyte, and K is the electrochemical equivalent. 

_ According to Faraday’s second law, the electrochemical equivalent 
is proportional to the chemical equivalent, i.e., 


a4 1 MA N 
K=F 7 
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where m,=mass of one kg-atom 
Z =valency 


“A=mass of a kg-equivalent 


F =Faraday's number, equal to 9.65x 10? C/kg-eq. 
The conductivity of an electrolyte can be found from the formula 


o=— =aCZF (u,+u_) 


where a=degree of dissociation 
C=concentration, i.e., the number of kg-moles in a unit volume 
Z=valency 
F=Faraday’s number 

u, and u_=ion mobilities. 

Here the quantity a=" is the ratio of the number of dissociated 


molecules in a unit volume nz to the total number of molecules of 
the substance dissolved in this volume n. The quantity n=CZ is 


known as the equivalent concentration. Hence A=7 is the equivalent 


conductivity. 
With small densities J of a current flowing in a gas, Ohm's law 
is true 
J=Qn(u, +u_)E=0E 


where E=intensity of the field 
o=conductivity of the gas 
Q =charge of an ion 
u, andu_=ion mobilities 
n=number of ions of each sign (number of pairs of ions) in 
a unit volume of the gas. 


Here n= yr , where N is the number of pairs of ions produced by the 


ionizing agent in a unit volume and in unit time, and y is the coefficient 
of molecular formation from the ions. 

With a saturation current in a gas, the density of this current can 
be determined from the formula 


J,=NQd 


where d is the distance between the electrodes. : 
To be able to fly out from a metal, an electron must have the kine- 
tic energy 
Pow 
where W is the work done by the electron to leave the metal. 


9* 
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The density of the saturation current in thermionic emission (the 
emissivity) is found from the formula 
w 


J, = BT? *T 


where T=absolute temperature of the cathode 
e=base of natural logarithms 
W=work of emission 
k=Boltzmann’s constant 
B=a certain (emission) constant different for different metals. 

10.1. The current intensity J in a conductor changes with time t 
according to the equation 7=4+2t¢, where / is in amperes and ¢ in 
seconds. (1) What quantity of electricity flows through a cross section 
of the conductor during the time from f,=2 seconds to f¿=6 seconds? 
(2) At what intensity of a constant current does the same quantity of 
electricity pass through the cross section of the conductor during the 
same time? 

10.2. A rheostat consists of five electric lamps connected in parallel. 
Find the resistance of the rheostat: (1) when all the lamps are burning, 
(2) when (a) one, (b) two, (c) three, and (d) four lamps are turned 
out. The resistance of each lamp is 350 Q. 

10.3. How many turns of a nichrome wire 1 mm in diameter should 
be wound around a porcelain cylinder with a radius of 2.5 cm to ob- 
tain a furnace with a resistance of 40 Q? 

10.4. A copper wire coil has a resistance of R=10.8 Q. The wire 
weighs G=3.41 kgf. How many metres of the wire and of what dia- 
meter d are wound on the coil? 

10.5. Find the resistance of an iron rod 1 cm in diameter and weigh- 
ing 1 kgf. 

10.6. Two cylindrical conductors, one of copper and the other of 
aluminium, have the same length and the same resistance. How many 
times is the copper conductor heavier than the aluminium one? 

10.7. The resistance of the tungsten filament of an electric lamp is 
35.8 (2 at 20? C. What will the temperature of the filament be if a 
current of 0.33 A flows through it when the lamp is connected to 
120-V mains? The temperature coefficient of resistance of tungsten 
is 4.6 107 deg-?. 

10.8. An iron-wire rheostat, a milliammeter and a current generator 
are connected in series. The resistance of the rheostat is 120 Q at 0° C 
and that of the milliammeter 20 2. The milliammeter shows 
22 mA. What will the reading of the milliammeter be if the 
rheostat is heated to 50° C? The temperature coefficient of resistance 
of iron is 6x 10-* deg-!. Disregard the resistance of the generator. 

10.9. A copper wire winding has a resistance of 10 Q at a tempe- 
rature of 14° C. After a current flowed through the coil, the resistance 
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of the winding rose to 12.2 Q. What temperature was the winding 
heated to? The temperature coefficient of resistance of copper is 
4.15x 10-3 deg-?. 

10.10. Find the potential drop along a copper wire 500 m long and 
2 mm in diameter if the current in it is equal to 2 A. 

10.11. Determine the potential drop in resistors R,, R, and R; 
(Fig. 19) if the ammeter shows 3 A; R,=4 Q, R¿=2 Q and R¿=4 Q. 
Find /, and /,;—the current intensities in resistors R, and R}. 


Ra 

Ry Pees 
-L <L (A) Sse 

O 

R3 

Fig. 19 


10.12. An element with an e.m.f. of 1.1 V and an internal resistance 
of 1 Q is connected across an external resistance of 9 Q. Find: 
(1) the current intensity in the circuit, (2) the potential drop in the 
external circuit, (3) the potential drop inside the element, (4) the 
efficiency of the element. 

10.13. Plot a diagram showing how the potential drop in the ex- 
ternal circuit depends on the external resistance for the circuit of the 
previous problem. Take the external resistance within O<R<I0 Q 
at intervals of 2 ohms. 

10.14. An element with an e.m.f. of 2 V has an internal resistance 
of 0.5 Q. Determine the potential drop inside the element with a 
current of 0.25 A in the circuit. Also find the external resistance of 
the circuit in these conditions. 

10.15. The e.m.f. of an element is 1.6 V and its internal resistance 
0.5 Q. What is the efficiency of the element at a current of 2.4 A? 

10.16. The e.m.f. of an element is 6 V. When the externa! resistance 
is 1.1 Q, the current in the circuit is equal to 3 A. Find the potential 
drop inside the element and its resistance. 

10.17. What part of the e.m.f. of an element falls to the potential 
difference across its ends if the resistance of the element is 1/n of the 
external resistance. Solve the problem for: (1) n=0.1, (2) n=l, 
(3) n=10. 

Nae, An element, a rheostat and an ammeter are connected in 
series. The e.m.f. of the element is 2 V and*its internal resistance 
0.4 Q. The ammeter shows a current of 1 A. What is the efficiency 
of the element? : 

10.19. Two identical elements have an e.m.f. of 2 V and an internal 
resistance of 0.3 Q. How should these elements be connected (in 
series or in parallel) to obtain a higher current intensity if: (1) the 
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external resistance is 0.2 Q, (2) the external resistance is 16 Q? Cal- 
culate the current intensity for each of these cases. 

10.20. Assuming the resistance of a voltmeter to be infinitely great, 
the resistance of rheostat R is determined from the readings of the 
ammeter and voltmeter in the circuit in 
Fig. 20. Find the relative error of the de- 
termined resistance if the resistance of the 
voltmeter is actually Ry. Solve the prob- 
lem for Ry=1,000 Q and R equal to: 
(1) 10 Q, (2) 100 &, (3) 1,000 Q. 

10.21. Assuming the resistance of an am- 
meter to be infinitely small, the resistance 
of the rheostat R is determined from the 
readings of the ammeter and voltmeter in 

Fig. 20 the circuit in Fig. 21. Find the relative error 

of the determined resistance if the actual 

resistance of the ammeter is R,. Solve the problem for R,=0.2 Q 
and R equal to: (1) 1 Q, (2) 10 Q, and (3) 100 Q. 

10.22. In the circuit in Fig. 22, the resistance R=1.4 Q, and $, 
and @, are two elements whose e.m.f.s are the same and equal to 2 V. 
The internal resistances of these elements are r¿=1 Q and r,=1.5 Q, 
respectively. Find the current intensity in each element and in the 
entire circuit. 








E, 
E 6, 62 
R 
Fig. 21 Fig. 22 Fig. 23 


10.23. In the circuit in Fig. 23, the resistance R=0.5 Q, and $, 
and $, are two elements whose e.m.f.s are the same and equal to 2 V. 
The internal resistances of these elements are 7,=1 Q and r,=1.5 8, 
respectively. Find the potential difference across the terminals of each 
element. 

10.24. In the circuit in Fig. 24, $ is a battery whose e.m.f. is equal 
to 20 V, and R, and R, are rheostats. When rheostat R, is cut out, 
the ammeter shows a current of 8 A in the circuit. When the rheostat 
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is cut in, the ammeter shows 5 A. Find the resistance of the rheostats 
and the potential drop in them when rheostat R, is cut in completely. 
Disregard the resistance of the battery and the ammeter. 





Fig. 24 Fig. 25 
10.25. An element, an ammeter and a resistor are connected in 
series. The resistor is a copper wire 100 m long and 2 mm? in cross 
section. The resistance of the ammeter is 0.05 Q, and it shows 1.43 A. 


Rr 





Fig. 26 


If we take a resistor made of aluminium wire 57.3 m long and 1 mm? 
in cross section, the ammeter will show 1 A. Find the e.m.f. of the 
element and its internal resistance. 

10.26. Determine the current intensity indicated by the ammeter 
in the circuit in Fig: 25. The voltage across the terminals of the ele- 
ment in the closed circuit is 2.1 V; 
R,=5 Q, R,=6 Q and R3=3 Q. Dis- 
regard the resistance of the ammeter. 

10.27. In the circuit in Fig. 26, we 
have R,=20 2, R¿=15 Q, and the cur- 
rent flowing through resistor R, is0.3 A. 
The ammeter shows 0.8 A. Find the Fig. 27 
resistance R,. i: 

10.28. In the circuit in Fig. 27, $ is a battery whose e.m.f. is equal 
to 100 V; the resistances R,=R,=40 Q, R¿=80 2 and R¿=34 Q. 
Find: (1) the intensity of the current flowing through the resistor Rg, 
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(2) the potential drop across this resistor. Disregard the resistance of 
the battery. 

10.29. In the circuit in Fig. 28, $ is a battery with an e.m.f. equal 
to 120 V; the resistances R¿=20 Q and R,=25 Q, and the potential 
drop across resistor R, is 40 V. The ammeter shows 2 A. Find the 
resistance R+. Disregard the resistance of the battery and the ammeter. 





Fig. 28 Fig. 29 


10.30. (1) What current intensity will be shown by the ammeter 
in the circuit in Fig. 28 if €=10 V, r=1 Q and the efficiency is 0.8? 
(2) What is the potential drop across resistor R, if that across resistor 
R, is 4 V and across resistor R, is 2 V? 





10.31. In the circuit in Fig. 29, $ is a battery with an e.m.f. equal 
to 100 V; the resistances R,=100 Q, R¿=200 Q, and R¿=300 Q. 
What voltage will the voltmeter show if its resistance ‘is 2,000 Q? 
Disregard the resistance of the battery. 

10.32. In the circuit in Fig. 29, the resistances R,=R,=Ry= 
=200 Q. The voltmeter shows 100 V and its resistance Ry=1,000 Q. 
Find the e.m.f. of the battery, neglecting itssresistance. 
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10.33. Find the readings of the ammeter and voltmeter in the cir- 
cuits in Figs. 30-33. The resistance of the voltmeter is 1,000 Q, the 
e.m.f of the battery is 110 V, the resistances R,=400 Q and R,= 
=600 Q. Disregard the resistance of the battery and the ammeter. 


H 
Ri (y) Ra 
(a) 


Fig. 32 Fig. 33 





10.34. An ammeter with a resistance of 0.16 Q is shunted by a 
resistance of 0.04 Q, and shows 8 A. What is the current intensity 
in the mains? 

10.35. The scale of an ammeter with a resistance of 0.18 Q intended 
to measure currents up to 10 A has 100 graduations. (1) What resis- 
tance should be selected and connected to permit the ammeter to be 
used for measuring currents up to 100 A? (2) How will the value of 
an ammeter graduation change in this case? 

10.36. The scale of a voltmeter with a resistance of 2,000 Q in- 
tended for measuring..a potential difference up to 30 V has 150 
graduations. (1) What resistance should be selected and how should 
it be connected to measure a potential difference up to 75 V by means 
of this voltmeter? (2) How will the value of a voltmeter graduation 
change in this case? 

10.37. A milliammeter with a scale ranging from 0 to 15 mA has 
a resistance of 5 2. How should the instrument be connected together 
with a resistor (and with what resistance) to measure: (1) a current 
from O to 0.15 A, (2) a potential difference from O to 150 V? 

10.38. A 120-volt lamp is rated at 40 W. What additional resistance 
should be connected in series with the lamp to produce normal glow 
with a voltage of 220 V in the mains? How many metres of a ni- 
Pes wire 0.3 mm in diameter are required to obtain this resi- 
Stance? 
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10.39. Three electric lamps designed for a voltage of 110 V each 
are rated at 40, 40 and 80 W, respectively. How should all the three 
lamps be connected to produce a normal glow with a voltage of 220 V 
in the mains? Find the intensity of the current flowing through the 
lamps with a normal glow. Draw a connection diagram. 

10.40. An electric heater consuming 10 A is switched on in a labo- 
ratory 100 metres away from a generator. How much will the voltage 
drop across the terminals of an electric lamp burning in this labora- 
tory? The cross section of the feeding copper wires is 5 mm?. 

10.41. Power has to be transmitted over a distance of 2.5 km frorn 
a battery with an e.m.f. of 500 V. The power consumed is 10 kW. 
Find the minimum losses of power in the mains if the diameter of the 
feeding copper wires is 1.5 cm. 

10.42. Power has to be transmitted over a distance of 2.5 km from 
a generator with an e.m.f. of 110 V. The power consumed is 1 kW. 
Find the minimum section of the feeding wires if the losses of power 
in the mains should not exceed 1%. 

10.43. A copper and a steel wires of the same length and diameter 
are connected to a circuit ‘in series. Find: (1) the ratio of the heats 
evolved in these wires, (2) the ratio of the voltage drops in these 
wires. 

10.44. Solve the previous problem when the wires are connected 
in parallel. 

10.45. An element with an e.m.f. equal to 6 V produces a maximum 
current of 3 A. Find the maximum heat which can be evolved in an 
external resistor in one minute. 

10.46. Find: (1) the total power, (2) the net power and (3) the 
efficiency of a battery with an e.m.f. of 240 V if the external resistance 

is 23 Q and the resistance of the bat- 
tery is 1 Q. 

10.47. Find the internal resistance 
of a generator if the power produced 
in the external circuit is the same 
when the external resistance is R¿=5 Q 
and R,=0.2 Q. Determine the gene- 
rator efficiency in each of these cases. 

10.48. Figure 34 shows the net po- 
wer versus the current intensity in a 

LA circuit. For the points shown by cros- 

2 4 6 8M ses on the curve find: (1) the inter- 

Fig. 34 nal resistance of the element, (2) the 

e.m.f. of the element, (3) plot a diag- 

ram showing how the efficiency of this element and the potential 

drop in the external circuit depend on the current intensity in the 
circuit. 
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10.49. Use the data given by the curve in Fig. 34 to plot the rela- 
tion between (1) the efficiency of the given element, (2) the total 
power P,, and (3) the net power P,, and the external resistance of the 
circuit R. Plot the curves for values of the external resistance R equal 
to 0, r, 2r, 3r, 4r and 5r, where r is the internal resistance of the 
element. 

10.50. An element is first connected across an external resistance 
R,=2 Q, and then across an external resistance R¿=0.5 Q. Find 
the e.m.f. of the element and its internal resistance if in each of these 
cases the power evolved in the external circuit is the same and equal 
to 2.54 W. 

10.51. An element with an e.m.f. of 2 V and an internal resistance 
of 0.5 Q is connected across an external resistance of R. Plot diagrams 
showing how (1) the current intensity in the circuit, (2) the potential 
difference across the ends of the external circuit, (3) the power evolved 
in the external circuit, and (4) the total power depend on the resis- 
ee oe resistance R is to be taken within 0<R<4 Q at intervals 
of 0.5 Q. 

10.52. An element with an e.m.f. of $ and an internal resistance 
of r is connected across an external resistance R. The maximum power 
in the external circuit is 9 W. The current flowing through the circuit 
in these conditions is 3 A. Find $ and r. 

10.53. In the circuit in Fig. 35, $ is a battery whose e.m.f. is 120 V, 
the resistances R¿=30 ~ and R.=60 2. The ammeter shows 2 A. 
Find the power dissipated in the resistor R,. Disregard the resistance 
of the battery and the ammeter. 

10.54. Determine the reading of the ammeter in the circuit in Fig. 35. 
The e.m.f. of the battery is 100 V and its internal resistance 2 Q. 
The resistances R, and R, are equal 
to 25 Q and 78 Q, respectively. 


H 






Fig. 35 Fig. 36 


The power dissipated in the resistor R, is equal to 16 W. Disregard 

the resistance of the ammeter. i , 
10.55. In the circuit in Fig. 36, € is a battery whose e.m.f. is 120 V, 

the resistances R,=25 Q and R,=R,=100 Q. Find the power dissi- 
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pated in the resistor R,. Disregard the resistance of the bat- 


tery. 

10.56. In the circuit in Fig. 36, the resistance R,=100 Q and the 

power dissipated in the resistor P=16 W. The generator efficiency 
E is 80%. Find the e.m.f. of the generator if the 

E potential drop across the resistor R, is 40 V. 
10.57. In the circuit in Fig. 37, $ is a bat- 
tery with an e.m.f. oí 120 V, AB is a potentio- 
meter with a resistance of 120 Q and L is an elect- 
ric lamp. The resistance of the lamp changes upon 
heating from 30 to 300 Q. How much will the 
potential difference across the lamp terminals 
change if sliding contact C is in the middle of the 
Fig. 37 potentiometer? Also determine the change in the 

power consumed by the lamp. 

10.58. The potential difference between points A and B is 9 V. 
There are two conductors whose resistances are 5 and 3 Q, respectively. 
Find the quantity of heat produced in each conductor in one second 
if the conductors between A and B are connected: (1) in series, 
(2) in parallel. 

10.59. Two electric lamps are connected to mains in parallel. The 
resistance of the first lamp is 360 Q and that of the second 240 Q. 
Which of the lamps consumes more power, and 
how many times? 

10.60. The coil of a calorimeter C has a resi- 
stance of R,=60 Q. The coil R, is connected to 
the circuit as shown in Fig. 38. How many degrees 
will 480 grammes of water poured into the ca- 
lorimeter be heated in 5 minutes during which 
a current flows through the coil if the ammeter 
shows 6 A? The resistance R¿=30 Q. Disregard 
the resistances of the generator and the amme- 
ter, and the heat losses. 

10.61. How much water can be boiled by 3 hW-h 
of electric energy? The initial temperature of the 
water is 10°C. Disregard the heat losses. 

10.62. (1) How many watts are consumed by 
the heater of an electric kettle if one litre of wa- 
ter begins to boil in 5 minutes? (2) What is the 
resistance of the heater if the voltage in the mains is 120 V? 
Tie initial temperature of the water is 13.5° C. Disregard the heat 
osses. 

10.63. A kettle filled with one litre of water having a temperature 
of 16°C is placed on an electric stove rated\at 0.5 kW. The water in 
the kettle begins to boil in 20 minutes after the stove is switched on. 





` 
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What amount of heat is lost in this case for heating the kettle, for 
radiation, etc.? 

10.64. The winding in an electric pot consists of two identical se- 
ctions. The resistance of each section is 20 Q. In how much time 
will 2.2 litres of water begin to boil if: (1) one section is switched on, 
(2) both sections are switched on in series, (3) both sections are swit- 
ched on in parallel? The initial temperature of the water is 16°C, 
the voltage of the mains 110 V and the heater efficiency 85%. 

10.65. An electric kettle has two windings. When one of them is 
switched on the water in the kettle begins to boil in 15 minutes, and 
when the other is switched on—in 30 minutes. In how much time 
will the water in the kettle begin to boil if the two windings are swit- 
ched on: (1) in series, (2) in parallel? 

10.66. In the circuit in Fig. 39, $ is a battery with an e.m.f. of 
120 V, R¿=10 Q and K is an electric kettle. The ammeter shows 2 A. 
In how much time will 0.5 litre of water in the kettle with an initial 
temperature of 4°C begin to boil? Disregard the resistance of the 
battery and the ammeter. The efficiency of the kettle is 76%. 





Fig. 40 


10.67. In the circuit in Fig. 40, $ is a battery with an e.m.f. of 
110 V, and C is a calorimeter containing 500 grammes of kerosene. 
The ammeter shows 2 A and the voltmeter 10.8 V. (1) What is the 
resistance of the coil? (2) What is the specific heat of the kerosene, 
if after passing a current through heater coil R, for 5 minutes the 
kerosene is heated by 5° C? Assume that 80% of the heat evolved in 
the coil is used to heat the kerosene. (3) What is the resistance of 
theostat R? Disregard the resistance of the battery and the ammeter. 
Consider the resistance of the voltmeter to be infinitely great. 

10.68. A heater consumes 0.5 kW-h of electric energy to heat 4.5 
litres of water from a temperature of 23° C to the boiling point. What 
is the efficiency of the heater? 
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10.69. A room is heated by an electric stove connected to 120-V 
mains. The room loses 20,800 kcal of heat a day. The temperature in 
the room must be kept constant. Find: (1) the resistance of the stove, 
(2) how many metres of nichrome wire 1 mm in diameter must be 
taken for the winding of the stove, (3) the power of the stove. 

10.70. The temperature of a water thermostat with a capacity of 
one litre is kept constant with the aid of a 26-W heater, 80% of whose 
power is used to heat the water. How many degrees will the tempe- 
rature of the water in the thermostat drop during 10 minutes if the 
heater is switched off? 

10.71. How much should be paid for the use of electric energy 
during 30 days if two electric lamps consuming 0.5 A at 120 V burn 
six hours a day? Besides, 3 litres of water with an initial temperature 
of 10°C are boiled every day. The cost of one kilowatt-hour is 4 ko- 
pecks. The efficiency of the heater is 80%. 

10.72. An electric kettle containing 600 cm? of water at 9” C and 
with a heater coil resistance equal to 16 Q was left connected to the 
mains. In how much time will all the water in the kettle boil away? 
ON voltage in the mains is 120 V and the efficiency of the kettle 
60%. 

10.73. One hundred grammes of mercury are evaporated every 
minute in a mercury diffusion pump. What should the resistance of 
the pump heater be if the heater is connected to 127-V mains? The 
heat of vaporization of mercury is 2.96x 10° J/kg. 3 

10.74. A lead fuse with a cross section of Az=1 mm? is connected 
to a circuit consisting of a copper wire with a cross section of A,= 
=3 mm?. What increase in the temperature of 
the wires upon a short circuit is the fuse desig- 
ned for. Assume that all the heat evolved is 
spent to heat the circuit owing to the instan- 
taneous nature of the short circuit. The ini- 
tial temperature of the fuse is t¿=17* C. 

10.75. Find the quantity of heat evolved 
every second in a unit volume of a copper 
conductor with a current density of 30 A/cm?. 

10.76. Find the current intensity in the sepa- 
rate arms of a Wheatstone bridge (Fig. 41) if 
no current passes through the galvanometer. 
The em.f. of the generator is 2 V, R,=30 Q, 

Fig. 41 R,=45 Q and R¿=200 Q. Disregard the resi- 
stance of the generator. 

10.77. In the circuit in Fig. 42, $, is an element with an e.m.f. 
equal to 2.1 V, 6 =1.9 V, R,=45 Q, R¿=10 Q and R¿=10 Q. De- 
termine the current intensity in all the sections of the circuit. Dis- 
regard the internal resistance of the deneni. 
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10.78. What difference of potentials is produced across the termi- 
nals of two elements connected in parallel if their e.m.f.s are equal to 
&,=1.4 V and $,=1.2 V, respective- 
ly, and the internal resistances are br 
r,=0.6 Q and r2=0.4 Q? 

10.79. In the circuit in Fig. 43, $, 
and $, are two elements with equal 
e.m.f.s of 2 V. The internal resistan- 
ces of these elements are r,=1 Q and 
ra=2 Q, respectively. What is the Re 
external resistance R if the current /, 
flowing through @, is 1 A? Determine Fig. 42 
the intensity of the current /, flowing 
through $.. Find the intensity of the current /p flowing through 
resistor R. 

10.80. Solve the previous problem if 6:=@.=4 V, r,=7,=0.5 Q 
and i= 2 A. 

10.81. In the circuit illustrated in Fig. 44, we have @,=110 V, 

a=220 V, Rı=R:=100 Q, and R¿=500 Q. Find the reading 
of the ammeter. Disregard the inter- 
nal resistance of the battery and the 
ammeter. 

10.82. In the circuit in Fig. 44, 
we have $,=2 V, $.=4 V, R,= 
=0.5 Q and the potential drop 


™ 
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across the resistor R, is 1 V. What is the reading of the ammeter? 
Disregard the internal resistance of the elements and the ammeter. 

10.83. In the circuit in Fig. 44, we have $,=30 V, $,=10 V, 
R,=20 Q, and Rs=10 Q. A current of 1 A flows through the ammeter. 
Find the resistance R,. Disregard the resistance of the battery and 
the ammeter. 

10.84, What current intensity is shown by the milliammeter mA 
in the circuit in Fig. 45 if $,=2 V, $,=1 V, R,=10* Q, R,=500 Q, 
R,=200 Q and the resistance of the ammeter is R¿=200 Q? Disregard 
the internal resistance of the elements. 

10.85. What current intensity is shown by the milliammeter mA 
in the circuit in Fig. 45118 ,=1V, $,=2 V, R¿=1,500 Q, Ry =500 Q 
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and the potential drop across resistor R; is 1 V? Disregard the resistance 
of the elements. 

10.86. In the circuit in Fig. 46, we have 6,=2 V, 6.=4 V, 6s=6 V, 
R,=4 Q, R,=6 Q and R;=8 Q. Find the current intensity in all the 
sections of the circuit. Disregard the resistance of the elements. 


Ra 
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10.87. In the circuit in Fig. 46, we have €6,=@.=@3, Ri=20 Q, 
R+¿=12 Q and the potential drop across the resistor R, is 6 V. Find 
the current intensity in all the sections of the circuit, and also the 
resistance Rs. Disregard the internal resistance of the elements. 

10.88. In the circuit in Fig. 46, we have &,=25 V. The potential 
drop of 10 V across resistor R, is equal to the drop across resistor Rs 
and double that across resistor R.. Find €, and €. Disregard the 
resistance of the battery. 


Er 62 
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10.89. In the circuit in Fig. 47, we have $, =8$.=100 V, R,=20 Q, 
R,=10 Q, Rs=40 Q and R,=30 Q. Find the reading of the ammeter. 
Disregard the resistance of the battery and the ammeter. 

10.90. In the circuit in Fig. 47, we have €,=262, R:=Rs=20 Q, 

2=15 Q and R,=30 Q. The ammeter shows 1.5 A. Find $, and $, 
and the intensities /, and /, of the current flowing through resistors 
R, and Rs, respectively. Disregard the resistance of the battery and 
the ammeter. 
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10.91. In the circuit in Fig. 48, &, and @, are two elements with 
the same e.m.f. of 2 V and the same internal resistance equal to 0.5 Q. 
Find the intensity of the current flowing: (1) through the resistance 
R,=0.5 Q, (2) through the resistance R¿=1.5 Q, (3) through the 
element @). 

10.92. In the circuit in Fig. 48, $, and $, are two elements with 
the same e.m.f. and the same internal resistance. The resistance 
R:=1 Q. The potential drop across the ter- 
minals of element $,, which is equal to 2 V, 
is double that across the terminals of element 
€. The potential drop across resistor R, is 
equal to the drop across element @». 

Find the e.m.f. and the internal resist- 
ance of the elements. 

10.93. In the circuit in Fig. 49, we have 
$,=6$.,=110 V, R,=R+=200 Q and the re- 
sistance of the voltmeter is 1,000 Q. Find 
the reading of the voltmeter. Disregard the : 
resistance of the batteries. Fig. 49 

10.94. In the circuit in Fig. 49, we have $6 ,=08+, and R¡=R,= 
=100 Q. The voltmeter shows 150 V and its resistance is 150 Q. Find 
the e.m.f. of the batteries, disregarding their resistance. TN 

10.95. Find the reading of the milliammeter mA in the circuit 
in Fig. 50 if 6,=6,=1.5 V, rı=r;=0.5 Q, R,=R,=2 Q and Rs=1 Q. 
The resistance of the milliammeter is 3 Q. 








Fig. 51 





10.96. In the circuit in Fig. 51, V, and V, are two voltmeters whose 
resistances are R,=3,000 Q and R¿=2,000 2, respectively; in addi- 
tion, R,=3,000 Q, R,=2,000 Q, and €&=200 V. Find the readings 
of the voltmeters V, and V, when: (1) contact C is open, and (2) con- 
tact C is closed. Disregard the resistance of the battery. Solve the 
problem with the aid of Kirchhoff’s laws. 


10—3574 
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10.97. In how much time will 4.74 g of copper be produced on the 
cathode during electrolysis of an aqueous solution of cupric chloride 
(CuCl,)? The current is 2 A. 

10.98. A copper plate with a total area of 25 cm? serves as a cathode 
in the electrolysis of blue vitriol. After current with a density of 
0.02 A/cm? had been passed through the electrolyzer for a certain 
time, the mass of the plate increased by 99 mg. Find: (1) the time 
during which the current was passed through the electrolyzer, 
(2) the thickness of the copper layer formed on the plate. 

10.99. Half a gramme of copper is deposited an hour in the electro- 
lysis of blue vitriol. The area of each electrode is 75 cm*. Find the 
density of the current. 

10.100. Find the electrochemical equivalent of hydrogen. 

10.101. An ammeter connected in series with an electrolytic bath 
containing a solution of AgNO, shows a current of 0.90 A. Does the 
ammeter show the correct reading if 316 mg of silver was deposited 
during 5 minutes with the current flowing through the bath? 

10.102. Two electrolytic baths with solutions of AgNO, and CuSO, 
are connected in series. How much copper will be deposited during 
the time in which 180 mg of silver are produced? 

10.103. When aluminium was obtained by the electrolysis of a 
solution of Al,0,, a current of 2x 10 A with a potential difference of 
5 V across the electrodes was passed through molten cryolite. 
(1) Find the time in which 10* kg of aluminium will be deposited. 
(2) How much electric energy will be used in this case? 

10.104. How much electric energy must be spent to deposit 500 mg 
of silver in the electrolysis of a solution of AgNOy? The potential 
difference across the electrodes is 4 V. 

10.105. The reaction of water formation from hydrogen and oxygen 
occurs with the liberation of heat 


2H 2+0,=2H,0+5.75X 105 J 


Determine the minimum potential difference at which water will be 
decomposed by electrolysis. 

10.106. Calculate the equivalent conductivity for a very weak so- 
lution of nitric acid. 

10.107. A current of /=2 A is passed through a solution of nitric 
acid. What quantity of electricity is transferred in one minute by the 
ions of each sign? 

10.108. The equivalent setae of a solution of KCI at a certain 
concentration is equal to 122 cm*/&-g-eq, its specific conductivity 
at the same concentration is 0.00122 Q-!-cm-? and its equivalent 
conductivity in infinite dissolution is 130 cm?/Q -g-eq. Find: (1) the 
degree of dissociation of the KC! at this concentration, (2) the 
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equivalent concentration of the solution, (3) the sum of the mobilities 
of the K* and CI” ions. 

10.109. Determine the resistance of a 0.1N solution of AgNO, 
filling a tube 84 cm long and 5 mm? in cross section if 81% of all 
the AgNO, molecules are dissociated into ions. 

10.110. Determine the resistance of a 0.05 N solution of KNO, 
filling a tube with a length of /=2 cm and a cross-sectional area of 
A=7 cm? if the equivalent conductivity of the solution is 1.1x 
x 107? m?/Q -kg-eq. 

10.111. A tube 3 cm long and 10 cm? in cross section is filled with 
a solution containing 0.1 kmole of CuSO, in 1 m® The resistance of 
the solution is 38 2. Find the equivalent conductivity of the solution. 

10.112. The specific conductivity of a decinormal solution of hy- 
drochloric acid is 0.035 Q-1-cm-?. Find the degree of dissociation. 

10.113. Find the number of ions of each sign in a unit volume of 
the solution of the previous problem. 

10.114. When a vessel with a gas is subjected to the action of X-rays, 
102° molecules are ionized in each millimetre of its volume a second. 
Recombination produces equilibrium in the vessel and each cubic 
centimetre contains 10° ions of each sign. Find the recombination 
coefficient. 

10.115. A potential difference of 5 V is applied to the electrodes 
of a discharge tube spaced 10 cm apart. The gas in the tube is singly 
ionized and the number of ionic pairs in 1 m? is 10°. Also, u, =3x 
x 10-* m?/V-s and u_=3xX 10? m*/V-s. Find: (1) the current density 
in the tube, (2) the part of the total current transferred by the positive 
ions. 

10.116. The area of each electrode in an ionization chamber is 
100 cm? and the distance between the electrodes is 6.2 cm. Determine 
the saturation current in this chamber if the ionizer produces 10° ions 
of each sign a second in 1 cm*. The ions are monovalent. 

10.117. Find the maximum possible number of ionic pairs in 1 cm* 
of the chamber of the previous problem if the recombination coeffi- 
cient is 10-*. 

10.118. Find the resistance of a tube 84 cm long and 5 mm! in cross 
section if it is filled with air so ionized that 10’ pairs of ions are in 
equilibrium in 1 cm*. The ions are monovalent and their mobility 
is u,=1.3X10-* m?/V-s and u_=1.8x 10"* m?*/V-s. 

10.119. What current will flow between the electrodes of the ioni- 
zation chamber of Problem 10.116 if.a potential difference of 20 V 
is applied to them? The mobility of the ions u,=u_=1 cm?/V-s 
and the recombination coefficient a=10-*. What part of the satura- 
tion current is the determined current? 

10.120. What is the minimum velocity of an electron to ionize an 
atom of hydrogen? The ionization potential of the atom is 13.5 V. 


10* 
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10.121. At what temperature do mercury atoms have a mean kine- 
tic energy of translational motion sufficient for ionization? The ioni- 
zation potential of a mercury atom is 10.4 V. 

10.122. The ionization potential of a helium atom is 24.5 V. De- 
termine the work of ionization. 

10.123. What minimum velocity should the free electrons possess 
in: (1) cesium and (2) platinum to be able to leave the metal? 

10.124. How many times will the thermionic emissivity of tungs- 
ten at a temperature of 2400° K change if the temperature of the tungs- 
ten grows by 100°? 

10.125. How many times is the emissivity of a cathode of thoriated 
tungsten at a working temperature of 1800° K higher than that of a 
cathode made of pure tungsten at the same temperature? The emis- 
sion constant B for pure tungsten is assumed equal to 60 A/cm? -deg? 
and for thoriated tungsten 3 A/cm? -deg?. 

10.126. At what temperature will thoriated tungsten produce the 
same specific emission as pure tungsten at T=2500° K? Take the 
necessary data from the previous problem. 


ti. Electromagnetism 


According to Ampere’s law (also called Laplace’s law or the Biot- 
Savart relation), a current J flowing through an element of a circuit 
dl induces at a certain point A in space a magnetic field with an in- 
tensity dH equal to 

Í sin a dl 
dH =— 


where r=distance from the current element dl to point A 
a=angle between the radius-vector r and the current element di. 
By applying Ampere’s law to circuits of various shapes, we can find: 
The intensity of a magnetic field in the centre of a circular current 


1 
H= 


where R is the radius of the circular circuit through which the current 
is flowing. 

The intensity of a magnetic field induced by an infinitely long 
rectilinear conductor 

l 

= Tna 
where a is the distance from the point at which the intensity is being 
determined to the current-carrying conductor. 
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The intensity of a magnetic field on the axis of the circular current 
RY 
H=———_,, 
2 (R24 a2)" 


where R=radius of the circular circuit through which the current is 
flowing 
a=distance from the point at which the intensity is being 
determined to the plane of the circuit. 
The intensity of a magnetic field inside a toroid and an infinitely 
long solenoid 


H=In 
where n is the number of turns per unit length of the solenoid (toroid). 


The intensity of a magnetic field on the axis of a solenoid with a 
finite length 


H= (cos B, —cos B,) 


where B, and f, are the angles between the axis of the solenoid and a 
radius-vector drawn from the point under cohsideration to the ends 
of the solenoid. The magnetic induction B is related to the magnetic 
field intensity H by the formula 


B=p pH 
where p, is the relative magnetic permeability of the niedium and po 
is the permeability in a vacuum, equal in the MKSA system to 
41 x 107? H/m = 12.57 x 107? H/m 
For ferromagnetic bodies »,=(H) and, therefore, B=f (H). 
Problems in which the relation B=f(H) must be known should 


be solved with the aid of the diagram given in the Appendix. 
The volume density of the energy of a magnetic field 


HB 
W.=>3 

The magnetic induction flux through a circuit 
D=BA coso 


where A=cross-sectional area of the circuit 
q=angle between a normal to the plane of the circuit and the 
direction of the magnetic field. 
The magnetic induction flux through a toroid is 


D= IN Atte 
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where N=total number of turns of the toroid 
[=length of the toroid 
A=cross-sectional area of the toroid 
p,=relative magnetic permeability of the core material 
uo=permeability in a vacuum. 
If a toroid has an air-gap, then 


D= IN 


h hB 
AÁlolr1 Aptoltrs 


where [,=length of the air-gap 
[,=length of the iron core 
p,,=magnetic permeability of the iron core 
p,,=magnetic permeability of air. 
The element di of a current-carrying conductor placed in a magnetic 
field is acted upon by the Ampere force 


dF = BI sinadl 


where a is the angle between the directions of the current and the 
magnetic field. 

A closed circuit through which a current is flowing and a magnetic 
needle in a magnetic field are acted upon by a couple of forces with 
the rotational moment 

M=pPB sina 


where p is the magnetic moment of the circuit (or of the magnetic 
needle) anda is the angle between the direction of the magnetic field 
and a normal to the plane of the circuit (or the axis of the needle). 
_ The magnetic moment of a circuit through which a current is flow- 
ing is 
p=IA 
where A is the area of the circuit, and thus 
M=BIA sina 


Two parallel rectilinear conductors with currents /, and /, mutually 

interact with the force 
F= Bolir alal 
2nd 

wee L îs the length of the conductors and d the distance between 
them. 

The work performed in moving a conductor with current in a mag- 
netic field is 


dW=ldD N 
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where d® is the magnetic induction flux crossed by the conductor 
during its motion. 

The force acting on a charged particle moving with the velocity v 
through a magnetic field can be determined from Lorentz’s formula 


F= QBv sina 


where Q is the charge of the particle and @ is the angle between the 
directions of the particle velocity and the magnetic field. 

A current / flowing along a conducting plate perpendicular to the 
magnetic field produces a transverse potential difference of 


IB_ 1B 
YU =Ra Naa 


where a=thickness of the plate 
B=magnetic field induction 


R,=+-=the Hall constant, inversely proportional to the density 


Nq 
N of the current carriers and their charge q.. 
The mobility u of the current carriers can be determined if we know 


R, and the conductivity of the material o= £ =Nqu. 


Electromagnetic induction induces an e.m.f. in a circuit each time 
the magnetic flux ®© changes through the surface enveloped by the 
circuit. The e.m.f. of induction is determined from the equation 


dd 
e=- 


The magnetic flux can be changed by varying the current intensity 

in the circuit (self-induction). Here the self-induction e.m.f. can be 

found from the formula 

dl 

6=—L=> 

where L is the inductance (self-inductance) of the circuit. 
The inductance of a solenoid is 


L=pp,nrla 


where /=length of the solenoid 
A=cross-sectional area of the solenoid 
n=number of turns per unit of the solenoid length. 

When the e.m.f. is switched off, the phenomenon of self-inductance 
will cause the intensity of the current in the circuit to diminish ac- 
cording to the law 

R 
I=lge +Ł ‘ 
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and when the e.m.f. is switched on again, the current intensity in- 
creases according to the law 


PEE") 


where R is the resistance of the circuit. 
The magnetic energy of a circuit through which a current is flowing is 


W,=3LP 


The magnetic flux can also be changed by varying the current in- 
tensity in the adjacent circuit (mutual induction). Here the induced 
e.m.f. is 

dl 
6=— Li a 
where L,, is the mutual inductance of the circuits. 

The mutual inductance of two solenoids through which a common 

magnetic flux passes is 


Lis = Mo, ¿Al 


where n, and n, are the numbers of turns per unit length of the so- 
lenoids. 

The quantity of electricity passing through the cross section of a 
conductor when an induced current appears in it is 


dQ = — -p d0 


11.1. Find the intensity of a magnetic field at a point 2 cm away 
from an infinitely long conductor which a current of 5 A flows through. 

11.2. Find the intensity of a magnetic field at the centre of a cir- 
cular wire coil turn with a radius of 1 cm which a current of | A flows 
through. 


I Iz 
OOM 
MA M B Ms 

Fig. 52 


11.3. Figure 52 shows a eross section of two infinitely long recti- 
linear conductors with current. The distance AB between the con- 
ductors is 10 cm, /,=20 A, /,=30 A. Find the intensity of the mag- 
netic field induced by the currents /, and /, at points M,, M, and Ms. 
The distance M,A =? cm, AM,=4 cm and BM,=3 cm. 

_11.4. Solve the previous problem if the currents flow in the same 
direction. N 
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11.5. Figure 53 shows a cross section of three infinitely long recti- 
linear conductors with current. The distance AB=BC=5 cm, /,=/,= 
=1/ and /,=2/. Find the point on straight line AC at which the in- 
tensity of the magnetic field induced by the currents /,, /, and /, 
is zero. 


Ir R Is 
—}—___©——_—-©— 
A 8 c 
Fig. 53 


11.6. Solve tne previous problem if all the three currents flow in 
the same direction. 

11.7. Two infinitely long rectilinear conductors are arranged per- 
pendicular to each other in one plane (Fig. 54). Find the intensity 
of the magnetic field at points, M, and M, if /,=2 A and /,=3 A. 
The distances AM,=AM,=1 cm, and BM,=CM,=2 cm. 





L 
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11.8. Two infinitely long rectilinear conductors are arranged per- 
pendicular to each other and are in mutually perpendicular planes 
(Fig. 55). Find the intensity of the magnetic field at points M, and 
M,, if [,=2 A and /,=3 A. The distances AM,=AM,=1 cm and 
AB=2 cm. 

11.9. Two long rectilinear conductors are arranged parallel to each 
other at a distance of 10 cm. Currents of /,=/,=5 A flow through 
the conductors in opposite directions. Find the magnitude and di- 
tection of the magnetic field intensity at a point 10 cm from each 
conductor. 

11.10. A current of /=8 A flows down a long vertical conductor. 
At what distance r from the conductor is the intensity of the field 
produced by summation of the terrestrial magnetic field and the field 
of the current directed vertically up? The horizontal component of 
the terrestrial field is H,=0.2 Oe. - 
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11.11. Calculate the intensity of the magnetic field induced by 
section AB of a rectilinear conductor with current at point C arranged 
on a perpendicular erected from the middle of this section 5 cm from 
it. The current in the conductor is 20 A. Section AB of the conductor 
can be seen from point C at an angle of 60°. 

11.12. Solve the previous problem when the current in the condu- 
ctor is 30 A and the section of the conductor can be seen from point C 
at an angle of 90°. Point C is at a distance of 6cm from the con- 
ductor. 

11.13. A section of a rectilinear conductor with current is 30 cm 
long. At what maximum distance from it can a magnetic field for 
points on a perpendicular erected from the middle of the conductor 
be considered as a field with an infinitely long rectilinear current? 
The error in this assumption should not exceed 5%. 


Note. The permissible error ô= Ha , where HA, is the field induced 


2 
by the section of the current-carrying conductor, and H, is that in- 
duced by an infinitely long rectilinear current. 

11.14. The intensity of a magnetic field is 400 A/m at point C at a 
distance of 5 cm from an infinitely long rectilinear conductor with 
current. (1) At what limit length of the conductor will this magnitude 
of the intensity be true to an accuracy of 2%? (2) What will the 
intensity of the magnetic field be at point C if the conductor with 
current is 20 cm long? Point C lies on a perpendicular erected from 
the middle of this conductor. 

11.15. A current of 20 A flows in a long conductor bent to form a 
right angle. Find the intensity of the magnetic field at a point on the 
bisectrix of this angle 10 cm from its vertex. 

11.16. A current of /=20 A flows in a copper wire ring with a cross 
section of A=1.0 mm? and induces a magnetic field intensity of 
H=2.24 Oe at the centre of the ring. What potential difference is 
applied across the ends of the wire forming the ring? 

11.17. Find the intensity of a magnetic field on the axis of a cir- 
cular contour at a distance of 3 cm from its plane. The contour radius 
is 4 cm and the current in the contour is 2 A. 

11.18. The intensity of a magnetic field at the centre of a circular 
coil turn with a radius of 11 cm is 0.8 Oe. Find the intensity of the 
suene field on the axis of the turn at a distance of 10 cm from its 
plane. 

11.19. Two circular coil turns each with a radius of 4 cm are ar- 
ranged in parallel planes 0.1 m apart. Currents of /,=/,=2 A flow 
through them. Find the intensity of the magnetic field on the axis 
of the turns at a point equidistant from them. Solve the problem 
when: (1) the currents in the turns flow in the same direction, 
(2) the currents flow in opposite directions. 
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11.20. Two circular coil turns each with a radius of 4 cm are ar- 
ranged in parallel planes 5 cm apart. Currents of /,=/,=4 A flow 
through the turns. Find the intensity of the magnetic field at the 
centre of one of the turns. Solve the problem when: (1) the currents 
in the turns flow in the same direction, (2) the currents flow in op- 
posite directions. 

11.21. Find the distribution of the intensity of a magnetic field 
along the axis of a circular turn 10 cm in diameter which a current 
of 10 A flows through. Compile a table showing the values of H for 
those of x within 0<x<10 cm at intervals of 2 cm and plot a diagram 
showing the scale used. 

11.22. Two circular coil turns are so arranged in two mutually 
perpendicular planes that the centres of the turns coincide. The radius 
of each coil is 2 cm and the currents flowing through the turns /,=/,= 
=5 A. Find the intensity of the magnetic field at the centre of these 
turns. 

11.23. A square frame is made of wire | m long. A current of 10 A 
flows through the frame. Find the intensity of the magnetic field at 
the centre of the frame. 

11.24. A magnetic field H is produced at the centre of a circular 
wire coil turn with the potential difference U across its ends. How 
should the applied potential difference be changed to obtain the 
same intensity of the magnetic field at the centre of a turn with a 
radius double that of the first turn and made of the same wire? 

11.25. A current of /=2 A flows through a wire frame having the 
form of a regular polygon. A magnetic field with an intensity of 
H=33 A/m is formed at the centre of the frame. Find the length L 
of the wire which the frame is made of. 

11.26. An infinitely long conductor has a circular loop tangent 
to it. A current of 5 A flows through the conductor. Find the radius 
of the loop if the intensity of the magnetic field at its centre is 41 A/m. 

11.27. A coil 30 cm long consists of 1,000 turns. Find the intensity 
of the magnetic field inside the coil if the current flowing through 
it is 2 A. Consider the diameter of the coil to be small as compared 
with its length. 

11.28. The winding of a coil is made of wire 0.8 mm in diameter. 
The turns contact each other closely. Assuming the coil to be suf- 
ficiently long, find the intensity of the magnetic field inside it at a 
current of 1 A. 

11.29. A solenoid with a magnetic field intensity of 300 Oe has to 
be wound from wire 1 mm in diameter. The maximum current which 
can flow through the wire is 6 A. How many winding layers are re- 
quired on the solenoid if the turns are wound close to each other? 
oe the diameter of the coil to be small as compared with its 
ength. 
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11.30. A magnetic field intensity of 12.6 Oe has to be obtained in 
a solenoid 20 cm long and 5 cm in diameter. Find: (1) the number of 
ampere-turns required for this solenoid, (2) the potential difterence 
which must be applied across the ends of the winding made of copper 
wire 0.5 mm in diameter. Regard the solenoid field as a homogeneous 
one. 

11.31. What should the ratio between the length of a coil and its 
diameter be to allow the intensity of the magnetic field at the coil 
centre to be found from the formula for the intensity of the field of an 
infinitely long solenoid? The error in this assumption should not 
exceed 5%. 

Note. The permissible error ô= lA 
of the magnetic field inside an infinitely long coil, and H, is the field 
intensity inside a coil of finite length. 

11.32. What error is made in determining the intensity of a mag- 
netic field at the centre of a solenoid, assuming the solenoid in Prob- 
lem 11.30 to be infinitely long. 

11.33. Find the distribution of the intensity of a magnetic field 
along the axis of a solenoid 3 cm long and 2 cm in diameter. The 
current flowing in the solenoid is 2 A. The coil has 100 turns. Compile 
a table showing the values of H for those of x within 0<x<3 cm at 
intervals of 0.5 cm and plot a diagram with indication of the scale. 

11.34. A capacitor with a capacitance of 10-* F is periodically 
charged from a battery whose e.m.f. is 100 V and discharged through 
a coil made in the form of a ring 20 cm in diameter and with 
32 turns. The plane of the ring coincides with that of the magnetic 
meridian. A horizontal magnetic needle placed in the centre of the 
coil deflects through an angle of 45°. The capacitor is switched over 
100 times a second. Find the horizontal component of the intensity 
of the terrestrial magnetic field from the data of these experiments. 

11.35. A capacitor with a capacitance of 10 pF is periodically 
charged from a battery which produces a potential difference of 120 V 
and is discharged through a solenoid 10 cm long and with 200 turns. 
The mean intensity of the magnetic field inside the solenoid is 3.02 Oe. 
How many times is the capacitor switched over a second? Consider 
the diameter of the solenoid to be small as compared with its length. 

11.36. A square frame is placed in a homogeneous magnetic field 
with an intensity of 1,000 Oe. The plane of the frame forms an angle 
of 45° with the direction of the magnetic field. The side of the frame 
is 4 cm. Determine the magnetic flux passing through the frame. 

11.37. A rod 1 m long revolves in a magnetic field whose induction 
is 0.05 T. The axis of rotation passing through one of the rod ends. is 
parallel to the force lines of the magnetic field. Find the magnetic 
flux intersected by the rod during each revolution. 





, where H, is the intensity 
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11.38. A frame whose area is 16 cm? revolves in a homogeneous 
magnetic field making 2 revolutions a second. The axis of rotation 
is in the plane of the frame and perpendicular to the force lines of 
the magnetic field. The intensity of the magnetic field is 7.96 x 10% A/m. 
Find: (1) the relationship between the magnetic flux passing through 
a frame and the time, (2) the highest magnitude of the magnetic 

ux. 

11.39. An iron specimen is placed in a magnetic field with an in- 
tensity of 10 Oe. Determine the permeability of the iron in these 
conditions. 

11.40. How many ampere-turns are required for the volume density 
of the energy of a magnetic field to be 1.75 J/m* inside a small-dia- 
meter solenoid 30 cm long? 

11.41. How many ampere-turns are required to generate a magnetic 
flux of 42,000 Mx in a solenoid having an iron core 120 cm long with 
a cross-sectional area of 3 cm?? 

11.42. The length of the iron core of a toroid is 2.5 m and that of 
the air-gap is 1 cm. The number of turns of the toroid winding is 1,000. 
At a current of 20 A, the induction of the magnetic field in the air-gap 
is 1.6 T. Find the permeability of the iron core in these conditions. 
The relation B=f(H) is unknown for the given grade of iron. 

11.43. The length of the iron core of a toroid is 1 m and that of the 
air-gap | cm. The cross-sectional area of the core is 25 cm?. Find 
the number of ampere-turns required to induce a magnetic flux of 
1.4x 10° Mx if in these conditions the permeability of the core ma- 
terial is equal to 800. The relation B=/(H) is unknown for the given 
grade of iron. 

11.44. Determine the magnetic induction in the closed iron core 
of a toroid 20.9 cm long if the number of ampere-turns of the toroid 
winding is 1,500. Find the permeability of the core material in these 
conditions, 

11.45. The length of the iron core of a toroid /,=1 m and that of 
the air-gap [,=3 mm. The number of turns of the toroid winding 
N=2,000. Find the intensity of the magnetic field H, in the air-gap 
with a current /=1 A in the toroid winding. 

11.46. The length of the iron core of a toroid is 50 cm and that of 
the air-gap 2 mm. The number of ampere-turns of the toroid winding 
is 2,000. How many times will the intensity of the magnetic field 
diminish in the air-gap if the length of the latter is doubled with the 
Same number of ampere-turns? 

11.47. A solenoid 25.1 cm long and 2 cm in diameter contains an 
iron core. The solenoid has 200 turns. Plot a diagram for the solenoid 
and its core showing the magnetic flux ® versus the current intensity / 
within 0</<5 A at intervals of 1 A. Lay off ®x10* Wb along the 
axis of ordinates. 
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11.48. The magnetic flux through a coreless solenoid is 5x 10~* Wb. 
Determine the magnetic moment of this solenoid. The solenoid is 
25 cm long. 

11.49. A long rectilinear conductor with a current of 25 A passes 
through the centre of an iron ring perpendicular to its plane. The 
ring has a tetragonal cross section (Fig. 56) with the dimensions 
1,=18 mm, [,=22 mm and h=5 mm. By assuming approximately 
that the induction is the same at any point of the ring section and is 

equal to that on the centre line of the ring, 
find the magnetic flux OD passing through 
the cross-sectional area of the ring. 

le 11.50. Find the magnetic flux D passing 
through the cross-sectional area of the ring 

+ of the previous problem, taking into account 

that the magnetic field is different at diffe- 

rent points of the ring cross section. Consi- 

der the value of y, to be constant and find 

it from the curve B=f(H) for the value of 

I H on the centre line of the ring. 

11.51. A closed iron core 50 cm long has 

Fig. 56 a winding with 1,000 turns which a current 

of 1 A flows through. What current must 

be passed through the winding for the induction to remain the same 
when the core is removed? 

11.52. An iron core 50.2 cm long and with an air-gap 0.1 cm 
long has a winding with 20 turns. What current must be passed 
through this winding to obtain an induction of 1.2 Wb/m* in 
the gap? 

11.53. An iron ring with an average diameter of 11.4 cm has a wind- 
ing with 200 turns which a current of 5 A flows through. (1) What 
current must pass through the winding for the induction in the core 
to remain as before if a slit 1 mm wide is made in the ring? (2) Find 
the permeability of the core material in these conditions. 

11.54. Construct an electromagnet producing a magnetic field 
induction of 1,400 Gs in the space between the poles. The iron core 
is 40 cm long, the space between the poles is 1 cm long and the core 
is 5 cm in diameter. Find: (1) the e.m.f. to be applied across the wind- 
ing of the electromagnet to produce the necessary magnetic field if 
copper wire 1 mm? in cross section is available, (2) the minimum 
thickness of the winding if the maximum permissible density of the 
current is 3 A/mm?. 

11.55. A homogeneous magnetic field with an induction of 1,000 
Gs is created between the poles of an electromagnet. A conductor 
70 cm long and perpendicular to the force lines carries a current of 
70 A. Find the force acting on the conductor. 
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11.56. Two long parallel rectilinear conductors are 10 cm apart. 
Currents of /,=20 A and /,=30 A flow through the conductors in 
one direction. What work is required (per unit length of the condu- 
ctors) to move the conductors apart to a distance of 20 cm? 

11.57. Two long parallel rectilinear conductors are at a certain 
distance from each other. The conductors carry currents identical 
in magnitude and direction. Find the intensity of the current flowing 
in each conductor if work equal to 5.5 erg/cm has to be done (per 
unit length of the conductors) to move them apart to double this 
distance. 

11.58. A (1) square and a (2) circular circuits are made of wire 
20 cm long. Find the rotational moment of the forces acting on each 
circuit placed in a homogeneous magnetic field with an induction 
of 1,000 Gs. A current of 2 A flows through the circuits. The plane of 
a circuit forms an angle of 45° with the direction of the magnetic 
field. 

11.59. An aluminium wire with a cross-sectional area of 1 mm? 
is suspended in a horizontal plane perpendicular to a magnetic me- 
ridian, and a current of 1.6 A flows through it (from west to east). 
(1) What part of the weight of the wire is due to the force of the ter- 
restrial magnetic field acting on it? (2) By how much will the weight 
of 1 m of the wire be reduced owing to this force? The horizontal com- 
ponent of the terrestrial magnetic field is 0.2 Oe. 

11.60. A galvanometer coil consisting of 400 turns of thin wire 
wound around a rectangular frame 3 cm long and 2 cm wide is suspen- 
ded from a thread in a magnetic field with an induction of 1,000 Gs. 
A current of 10-? A flows in the coil. Find the rotational moment 
acting on the coil if: (1) the plane of the coil is parallel to the direction 
of the magnetic field, (2) the plane of the coil forms an angle of 60° 
with the direction of the magnetic field. 

11.61. A short magnetic needle with a magnetic moment of 10-2 -m? 
is suspended on a thin thread 100 cm long and 0.1 mm in diameter at a 
distance of 20 cm from a long vertical rectilinear conductor. The 
needle is in the plane passing through the conductor and the thread. 
Through what angle will the needle turn if a current of 30 A is passed 
through the conductor? The shear modulus of the thread material is 
on kgf/mm?*. The system is screened from the terrestrial magnetic 

eld. 

11.62. A galvanometer coil consisting of 600 wire turns is so suspen- 
ded on a thread 10 cm long and 0.1 mm in diameter in a magnetic 
field with an intensity of 16x10 A/m that the plane of the coil is 

arallel to the direction of the magnetic field The length of the coil 
tame a=2.2 cm and its width b=1.9 cm. What current flows in the 
winding of the coil if it turns through an angle of 0.5°? The shear 
modulus of the thread material is 600 kgf/mm’. 
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11.63. A square frame is suspended on a wire so that the force lines 
of a magnetic field form an angle of 90° with a perpendicular to the 
plane of the frame. One side of the frame is 1 cm. The magnetic induc- 
tion of the field is 1.37xX10-* T. If a current of /=1 A is passed 
through the frame, it will turn through 1° Find the shear modulus 
of the wire material. The length of the wire is 10 cm and the radius 
of the thread 0.1 mm. 

11.64. A circular contour is so placed in a homogeneous magnetic 
field that the plane of the contour is perpendicular to the force lines 
of the field. The intensity of the magnetic field is 2,000 Oe. A current 
of 2 A flows through the contour. The radius of the contour is 2 cm. 
What work must be done to turn the contour through 90° around an 
axis coinciding with its diameter? 

11.65. A conductor 10 cm long uniformly moves in a homogeneous 
magnetic field with an induction of 0.5 Wb/m?. A current of 2 A flows 
in the conductor. The conductor has a velo- 
city of 20 cm/s perpendicular to the dire- 
ction of the magnetic field. Find: (1) the 
work done to move the conductor during 
10 seconds of its motion, (2) the power spent 
for this motion. 

11.66. Copper disk A in Fig. 57 has a ra- 
dius of r=5 cm, and its plane is perpendi- 
cular to the direction of a magnetic field 
with an induction of B=0.2 T. A current 
of /=5 A passes along radius ab of the 
disk (a and 6 are sliding contacts). The disk 
rotates with a frequency of v=3 rev/s. Find: (1) the power of such 
a motor, (2) the direction of rotation of the disk if the magnetic 
field is directed towards us from the drawing, (3) the torque (rotatio- 
nal moment) acting on tne disk. 

11.67. A homogeneous copper disk A (see Fig. 57) with a mass of 
0.35 kg is so placed in a magnetic field whose induction is 2.4 x 10-* T 
that the plane of the disk is perpendicular to the force lines of the field. 
When circuit aba is closed, the disk begins to rotate, and in 30 seconds 
Acts a velocity of 5 rev/s. Find the current intensity in the cir- 
cuit. 

11.68. Find the magnetic flux intersected by radius ab of disk A 
(see Fig. 57) during one minute of rotation. The disk radius r=10 cm. 
The magnetic field induction B=0.1 T. The disk revolves at 
5.3 rev/s. 

11.69. An electron accelerated by a potential difference of 1,000 V 
flies into a homogeneous magnetic field perpendicular to the direction 
of its motion. The induction of the field is 1.19x10~* T. Find: (1) 
the radius of curvature of the electron trajedtory, (2) the period of its 


a 





Fig. 57 
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rotation along the circle, (3) the moment of the momentum of the 
electron. 

11.70. An electron accelerated by a potential difference of 300 V 
moves parallel to a long rectilinear conductor at a distance of 4 mm 
from it. What force will act on the electron if a current of 5 A flows 
through the conductor? 

11.71. A stream of a-particles (helium atom nuclei) accelerated by 
a potential difference of 1 MV flies into a homogeneous magnetic field 
with an intensity of 15,000 Oe. The velocity of each particle is di- 
rected at right angles to the direction of the magnetic field. Find the 
force acting on each particle. 

11.72. An electron flies into a homogeneous magnetic field perpen- 
dicular to the force lines. The velocity of the electron v=4 x 10’ m/s. 
The induction of the magnetic field is 107? T. What are the tangential 
and normal accelerations of the electron in the magnetic field? 

11.73. Find the kinetic energy of a proton moving along the arc of 
a circle with a radius of 60 cm in a magnetic field having an induction 
of 10* Gs. 

11.74. A proton and an electron move with the same velocity and 
penetrate into a homogeneous magnetic field. How many times is the 
radius of curvature of the path of the proton R, greater than that of 
the electron Ra? 

11.75. A proton and an electron accelerated by the same potential 
difference fly into a homogeneous magnetic field. How many times 
is the radius of curvature of the path of the proton R, greater than that 
of the electron Ry? 

11.76. The path of an electron photographed in a Wilson chamber 
which is placed in a magnetic field takes the form of an arc of a circle 
with a radius of 10 cm. The induction of the magnetic field is 10-? T. 
Find the energy of the electron in electron-volts. 

11.77. A charged particle moves in a magnetic field over a circle 
with a velocity of 10° m/s. The induction of the magnetic field is 
0.3 T. The radius of the circle is 4 cm. Find the charge of the particle 
if its energy is 12 keV. 

11.78. A proton and an a@-particle fly into a homogeneous magnetic 
field. The velocity of the particles is perpendicular to the force lines 
of the field. How many times is the period of revolution of the proton 
in the magnetic field greater than that of the a-particle? 

11.79. An a-particle with a kinetic energy of 500 eV flies into a 
homogeneous magnetic field perpendicular to its velocity. The in- 
duction of the magnetic field is 1,000 Gs. Find: (1) the force acting on 
the particle, (2) the radius of the circle along which the particle moves, 
(3) the period of revolution of the particle. 

11.80. An a-particle whose moment of momentum is 1.33 10-3 
kg-m?/s flies into a homogeneous magnetic field perpendicular to its 
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velocity. The induction of the magnetic field is 2.5x10-* T. Find 
the kinetic energy of the a-particle. 

11.81. Singly charged ions of potassium isotopes with atomic 
weights of 39 and 41 are accelerated by a potential difference of 300 V. 
Then they get into a homogeneous magnetic field perpendicular to 
the direction of their motion. The induction of the magnetic field 
is 800 Gs. Find the radii of curvature of the trajectories of these ions. 

11.82. Find the ratio Q/m for a charged particle if it moves along 
the arc of a circle with a radius of 8.3 cm upon flying with a velocity 
of 108 cm/s into a homogeneous magnetic field with an intensity of 
2,500 Oe. The direction of the velocity of the particle is perpendicular 
to the direction of the magnetic field. Compare the determined Q/m 
ratio with that of an electron, a proton and an a-particle. 

11.83. A beam of electrons accelerated by a potential difference 
of U=300 V flies into a homogeneous magnetic field (Fig. 58) directed 
from the drawing towards the observer. The width of the field /=2.5 cm. 
In the absence of a magnetic field, the elect- 
ron beam produces a spot at point F ona 
fluorescent screen AA at a distance of 1,= 
=5 cm from the edge of the poles of the 
magnet. When the magnetic field is swit- 
ched on the spot moves to point B. Find 
the displacement x=FB of the electron beam 
if the induction of the magnetic field is 
1.46x 10-5 Wb/m?. 

11.84. A magnetic field with an intensity 

Fig. 58 of H=8Xx103% A/m and an electric field with 

an intensity of E=10 W/cm are directed simi- 

larly. An electron flies into such an electromagnetic field with a velocity 
of v=10* m/s. Find the normal a,, tangential a, and total a accele- 
rations of the electron. Solve the problem when: (1) the velocity of 
the electron is directed parallel to the force lines, and (2) the velocity 
ol ue electron is directed perpendicular to the force lines of the 

elds. 

11.85. A magnetic field with an induction of B=5 Gs is perpendi- 
cular to an electric field with an intensity of E=10 V/cm. A beam 
of electrons flies with a certain velocity v into the space where these 
fields are present, the velocity of the electrons being perpendicular 
to the plane in which the vectors E and B lie. Find: (1) the velocity v 
of the electrons if the electron beam is not deflected when both fields 
act simultaneously, (2) the radius of curvature of the trajectory of the 
electrons when only the magnetic field is switched on. 

11.86. An electron accelerated by a potential difference of U=6 kV 
flies into a homogeneous magnetic field at an angle of a=30° to the 
direction of the field and begins to move\helically. The induction 
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of the magnetic field B=1.3x 10”? Wb/m*. Find: (1) the radius of a 
helix turn, and (2) the helix pitch. 

11.87. A proton flies into a homogeneous magnetic field at an angle 
of a=30° to the direction of the field and moves along a helix with 
a radius of 1.5 cm. The induction of the magnetic field is 10% Gs. Find 
the kinetic energy of the proton. 

11.88. An electron flies into a plane horizontal capacitor parallel 
to its plates with a velocity of v»=10" m/s. The length of the capacitor 
t=5 cm and the intensity of its electric field E=100 V/cm. When the 
electron leaves the capacitor, it gets into a magnetic field whose force 
lines are perpendicular to those of the electric field. The induction 
of the magnetic field B=10-* T. Find: (1) the radius of the helical 
trajectory of the electron in the magnetic field, and (2) the pitch of 
the helical trajectory of the electron. 

11.89. An electron accelerated by a potential difference of U= 
=3,000 V flies into the magnetic field of a solenoid at an angle of 
a=30" to its axis. The number of solenoid ampere-turns is 5,000 and 
its length is 25 cm. Find the pitch of the helical trajectory of the 
electron in the magnetic field of the solenoid. 

11.90. A current of /=20 A flows through the section A=ab of a 
copper plate a=0.5 mm thick and 6=10 mm high. When the plate is 
placed in a magnetic field perpendicular to rib 6 and to the direction 
of the current, a transverse potential difference of U=3.1x10-* V 
appears. The induction of the magnetic field B=1 T. Find: (1) the 
concentration of the conduction electrons in the copper, and (2) the 
average velocity of the electrons in these conditions. 

11.91. A current of /=5 A flows through the section A=ab of an 
aluminium plate (a is the thickness and 6 the height). The plate is 
placed in a magnetic field perpendicular to rib 6 and to the direction 
of the current. Determine the resulting transverse potential difference 
if the induction of the magnetic field B=0.5T and the plate is a=0.1 mm 
thick. The concentration of the conduction electrons is the same as 
that of the atoms. 

11.92. A semiconductor plate a=0.2 mm thick is placed in a mag- 
netic field directed along a. The resistivity of the semiconductor 
p=10-* Q -m and the induction of the magnetic field B=1 T. A current 
of /=0.1 A is made to flow along the plate perpendicular to the field, 
generating a transverse potential difference of U=3.25x 10-? V. De- 
termine the mobility of the current carriers in the semiconductor. 

11.93. A conductor 10 cm long moves:in a homogeneous magnetic 
field whose induction is 0.1 T. The velocity of the conductor is 15 m/s 
and it is directed perpendicular to the magnetic field. What is the 
e.m.f. induced in the conductor? 

11.94. A coil 10 cm in diameter with 500 turns is placed ín a mag- 
netic field. What is the mean e.m.f. of induction in this coil if the 


li 
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induction of the magnetic field increases from 0 to 2 Wb/m? during 
0.1 second? 

11.95. The velocity of a jet airplane is 950 km/h. Find the indu- 
ction e.m.f. induced on the ends of its wings if the vertical component 
of the intensity of the terrestrial magnetic field is 0.5 Oe and the wing 
span is 12.5 m. 

11.96. A rod 1 m long revolves at a constant angular velocity of 
20 rad/s in a magnetic field with an induction of 500 Gs. The axis 
of rotation passes through the end of the rod and is parallel to the 
force lines of the magnetic field. Find the induction e.m.f. appearing 
on the rod ends. 

11.97. The principle of operation of an electromagnetic liquid flow 
meter is explained in Fig. 59. A pipe with a current-conducting liquid 

is put in a magnetic field. 

ae An induction e.m.f. appears 

on the at eae and B. 

s Find the rate of flow of the 

Plica liquid in the pipe if the 
magnetic field induction is 
100 Gs, the distance between 
the electrodes (internal dia- 


meter of the pipe) is 50 mm 
and the resulting e.m.f. is 
0.25 mV. 


Fig. 59 11.98. A circular wire turn 

with an area of 100 cm? is 

placed in a homogeneous magnetic field whose induction is 1 Wb/m?. 

The plane of the turn is perpendicular to the direction of the mag- 

netic field. What is the mean induction e.m.f. appearing in the turn 
when the field is switched off during 0.01 second? 

11.99. A coil consisting of 100 turns of wire rotates uniformly in 
a homogeneous magnetic field having an induction of 1,000 Gs. The 
coil makes 5 rev/s. The cross-sectional area of the coil is 100 cm. 
The axis of rotation is perpendicular to the coil axis and the direction 
of the magnetic field. Find the maximum induction e.m.f. in the 
revolving coil. 

11.100. A frame rotates uniformly with an angular velocity of 
15 rad/s in a homogeneous magnetic field having an induction of 0.8 T. 
The area of the frame is 150 cm?. The axis of rotation is in the plane 
of the frame and forms an angle of 30° with the direction of the force 
lines of the magnetic field. Find the maximum induction e.m.f. in 
the rotating frame. 

11.101. In Fig. 60, D is a copper disk with a radius of 5 cm whose 
plane is perpendicular to the direction of the magnetic field, and a 
and b are sliding contacts allowing a curent to flow through the 
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circuit abAa. The induction of the magnetic field is 2,000 Gs and the 
disk rotates at 3 rev/s. Find the e.m.f. of such a generator. Indicate 
the direction of the electric current if the magnetic field is directed 
from the observer towards the drawing and à 

the disk rotates counterclockwise. D 

11.102. A horizontal rod 1 m long rota- 
tes about a vertical axis passing through (A) 
one of its ends. The axis of rotation is paral- 
lel to the force lines of a magnetic field with 
an induction of 5x 10-5 T. At what number 
of revolutions per second will the potential 
difference across the ends of this rod be equal Fig. 60 
to | mV? 

11.103. A wire turn is placed on a solenoid 20 cm long and witha 
cross-sectional area of 30 cm?. The solenoid has 320 turns and a cur- 
rent of 3 A flows through it. What mean e.m.f. is induced in the turn 
placed on the solenoid when the current in the solenoid is switched off 
during 0.001 second? 

11.104. What is the mean e.m.f. induced in the turn if the solenoid 
in the previous problem has an iron core? 

11.105. A wire turn is placed on a solenoid 144 cm long and 5 cm 
in diameter. The solenoid winding has 2,000 turns and a current 
of 2 A flows through it. The solenoid has an iron core. What mean 
e.m.f. is induced in the turn placed on the solenoid if the current is 
switched off in the latter during 0.002 second? 

11.106. A coil consisting of 200 turns rotates in a homogeneous 
magnetic field whose induction is 0.1 T. The axis of rotation is per- 
pendicular to the axis of the coil and to the direction of the magnetic 
field. The period of rotation of the coil is 0.2 s and its cross-sectional 
a is 4 cm*. Find the maximum induction e.m.f. in the rotating 
coil. 

11.107. (1) Find the inductance of a coil having 400 turns over a 
length of 20 cm. The cross-sectional area of the coil is 9 cm*. (2) Find 
the inductance of this coil if an iron core is introduced into it. In 
conditions of operation, the permeability of the core material is 400. 

11.108. A solenoid winding consists of N turns of copper wire with 
a cross section of A=1 mm. The length of the solenoid /=25 cm and 
its resistance R=0.2 Q. Find the inductance of the solenoid. 

11.109. A coil 20 cm long and 3 cm in diameter has 400 turns. 
A current of 2 A flows in the coil. Find: (1) the inductance of the coil, 
(2) the magnetic flux piercing its cross-sectional area. se, 

11.110. How many turns of wire does a single-layer coil winding 
consist of if the inductance of the coil is 0.001 H. The diameter of 
the coil is 4 cm and that of the wire 0.6 mm. The turns fit tightly 
against one another. 
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11.111. A coil with an iron core has a cross-sectional area of 20 cm? 
and 500 turns. The inductance of the coil with the core is 0.28 H and 
the current flowing through the winding is 5 A. Find the permeability 
of the iron core in these conditions. 

11.112. A solenoid 50 cm long and with a cross-sectional area of 
2 cm’ has an inductance of 2x 10-? H. At what current intensity will 
the volume density of the energy of the magnetic field inside the 
solenoid be equal to 10-° J/m*? 

11.113. How many turns does a coil have if its inductance L=0.001 H 
and e magnetic flux through the coil D=200 Mx at a current of 
I=1 A. 

11.114. The cross-sectional area of a solenoid with an iron core is 
10 cm*. (1) Find the magnetic permeability of the core material in 
conditions when the magnetic flux piercing the cross section of the 
solenoid is 1.4x 10-* Wb. (2) Determine the intensity of the current 
flowing through the solenoid which this magnetic flux corresponds 
to if the inductance of the solenoid in these conditions is 0.44 H. 
The solenoid is 1 m long. 

11.115. A core is inserted into a solenoid 50 cm long. The core is 
made of iron for which the relation B=f(H) is unknown. The number 
of turns per unit length of the solenoid is 400 and its cross-sectional 
area is 10 cm’. (1) Find the permeability of the core when a current 
of 5 A flows through the solenoid winding. In these conditions, the 
magnetic flux piercing the cross-sectional area of the solenoid with 
the core is equal to 1.6x10-* Wb (2) Find the inductance of the 
solenoid in these conditions. 

11.116. A solenoid with an iron core is 50 cm long, has a cross- 
sectional area of 10 cm* and 1,000 turns. Determine the induc- 
tance of this solenoid if the current flowing through the win- 
ding of the solenoid is: (1) /,=0.1 A, (2) /,;=0.2 A, and 
(3) [3=2 A. 

11.117. Two coils are wound on one common core. The inductance 
of the first coil is 0.2 H and that of the second 0.8 H. The resistance 
of the seccnd coil is 600 2. What current will flow through the second 
coil if the current of 0.3 A in the first coil is switched off during 0.001 
second? 

11.118. A square frame made of copper wire is placed in a magnetic 
field with an induction of 0.1 T. The cross-sectional area of the wire 
is 1 mm, the area of the frame is 25 cm? and a perpendicular to the 
plane of the frame is directed along the force lines of the field. What 
quantity of electricity will pass through the frame when the magnetic 
field disappears? 

11.119. A coil consisting of 200 turns of wire is placed in a mag- 
netic field with an induction of 500 Gs. The resistance of the coil is 
40 Q and its cross-sectional area is 12 cm*. The coil is so placed that 


11.120—11.123] ELECTRICITY AND MAGNETISM 167 


its axis forms an angle of 60° with the direction of the magnetic field. 
What quantity of electricity will pass through the coil when the mag- 
netic field disappears? 

11.120. A circular contour with a radius of 2 cm is placed in a ho- 
mogeneous magnetic field with an induction of 0.2 Wb/m:. The plane 
of the contour is perpendicular to the direction of the magnetic field, 
and the resistance of the contour is 1 8. What quantity of electricity 
will pass through the coil when it turns through 90°? 

11.121. A coil consisting of 50 turns is placed on a solenoid 21 cm 
long with a cross-sectional area of 10 cm*. The coil is connected with 
a ballistic galvanometer having a resistance of 10° (2. A current of 
5 A flows in the winding of the solenoid, consisting of 200 turns. Find 
the ballistic constant of the galvanometer if its pointer deflects by 
30 scale divisions when the current in the solenoid is switched off. 
Disregard the resistance of the coil, which is small when compared 
with that of the galvanometer. The ballistic constant of a galvanometer 
is a quantity numerically equal to the quantity of electricity which 
makes the pointer deflect by one scale division. 

11.122. A coil consisting of 50 turns of wire and connected to a 
ballistic galvanometer is placed between the poles of an electromagnet 
to measure the induction of a magnetic field. The axis of the coil is 
parallel to the direction of the magnetic field The cross-sectional 
area of the coil is 2 cm? and its resistance may be neglected as compared 
with that of the galvanometer. The resistance of the galvanometer is 
2x 10? Q and its ballistic constant is 2x 10-* C/div. When the coil 
is rapidly pulled out of the magnetic field, the pointer on the galva- 
nometer deflects by 50 scale divisions. What is the induction of the 
magnetic field? 

11.123. The relation between the permeability p, and the intensity 
of a magnetic field H was investigated by A. G. Stoletov in his work 
on investigation of the functions of magnetizing soft iron (published 
in 1872). An iron specimen was given the form of a toroid. The iron 
was magnetized by passing a current / through a coil wound around 
the toroid. A change in the direction of the current in this primary 
coil caused a deflection of œ in a ballistic galvanometer. The galva- 
nometer was connected to the circuit of a secondary coil wound around 
the same toroid. 

The toroid used by A. G. Stoletov had the following parameters: 
cross-sectional area A=1.45 cm*, length /=60 cm, number of turns 
of the primary coil N,=800, number of turns of the secondary coil 

2=100. The ballistic constant of the galvanometer was C,=1.2X 
x ior C/div and the resistance of the secondary circuit was 
12 Q, 

The results of one of Stoletov's experiments are given in the follow- 
ing table. 
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L, A | 0.1 | 0.2 | 0.3 | 0.4 | 0.5 


a (inscale divisions) 208 | 241 | 256 





48.7 | 148 











Use these data to compile a table and draw a corresponding diagram 
showing how the permeability u, depends on the intensity of the 
magnetic field H for the iron employed by A. G. Stoletov in his ex- 
periment. 

11.124. An iron toroid with a length of /=50 cm and a cross-se- 
ctional area of A=4 cm? was made to measure the permeability of 
iron. One of the toroid windings had N,=500 turns and was connected 
to a source of power, and the other had N,=1,000 turns and was 
connected to a galvanometer. By reversing the direction of the cur- 
rent in the primary winding, we can create an induction current in 
the secondary winding. Find the permeability of the iron when a 
current of 1 A is reversed in the primary winding, if a quantity of 
electricity equal to 0.06 C passes through the galvanometer. The 
resistance of the secondary winding is 20 . 

11.125. An electric lamp whose resistance in a hot state is 10 Q 
is connected via a choke to a 12-V storage battery. The inductance of 
the choke is 2 H and its resistance 1 2. In how much time after being 
switched on will the lamp light if it begins to glow noticeably at a 
voltage of 6 V? 

11.126. A coil 20 cm long and 2 cm in diameter has a winding 
comprising 200 turns of copper wire with a cross-sectional area of 1 mm?. 
The coil is connected to a circuit with a certain e.m.f., which is then 
switched off and the coil is short circuited. In how much time after 
the e.m.f. is switched off will the current intensity in the circuit drop 
to half of its original value. 

11.127. The inductance of a coil is 0.2 H and its resistance is 1.64 Q. 
How many times will the current intensity in the coil drop in 0.05 
second atter the e.m.f. is switched off and the coil is short circuited. 

11.128. A coil with a resistance of R=10 2 has an inductance of 
L=0.144 H. How much time is required for the current to become 
equal to half of the steady current in the coil after it is switched on? 

11.129. A circuit has a resistance of 2 Q and an inductance of 0.2 H. 
Plot a diagram showing the increase of the current intensity in the 
circuit versus the time elapsed from the moment the e.m.f. is switched 
on. Plot the ratio between the intensity of the increasing current / 
and that of the final current /, along the axis of ordinates for 0<t<0.5 
second at intervals of 0.1 second. 

11.130. A square frame made of copper wire with a cross section 
of 1 mm? is placed in a magnetic field whoSe induction changes ac- 


11.131—11.132] ELECTRICITY AND MAGNETISM 469 


cording to the law B=B, sinw?, where B,=0.01 T, o= = and T=0.02 s. 


The area of the frame is 25 cm?. The plane of the frame is perpendi- 
cular to the direction of the magnetic field. Find the dependence on 
time and the maximum value of: (1) the magnetic flux piercing the 
frame, (2) the induction e.m.f. appearing in the frame, (3) the in- 
tensity of the current flowing in the frame. 

11.131. Through a coil with an inductance of 0.021 H there flows 
a current that changes with time according to the law /=/, sin of, 


where /¿=5 A, as and T=0.02 s. Determine the dependence on 


time of: (1) the e.m.f. of self-induction appearing in the coil, (2) the 
energy of the magnetic field in the coil. 

11.132. Two coils have a mutual inductance of 0.005 H. The in- 
tensity of the current in the first coil changes according to the law 
J=I, sinot, where /,=10 A, o=% and T=0.02 s. Find: (1) the 
dependence on time of the e.m.f. induced in the second coil, (2) the 
maximum value of this e.m.f. 


Chapter 4 
OSCILLATIONS AND WAVES 


ACOUSTIC UNITS 


Acoustic quantities are measured in the MKS system, which is a 
part of the SI system. 

The basic and some derived acoustic units of the MKS system as 
specified by GOST 8849-58 are given in Table 13. 





























TABLE 13 
Symbol] Dimension 
Quantity and symbol Formuls Unit of of quan- 
unit tity 
Basic Units 
Length l — metre m l 
Mass m — kilogramme kg m 
Time t — second s t 
Derived Units 
Sound pressure p »=5 newton per square metre | N/m? | (—1mf-2 
Volume velocity Ugo = VS cubic metre per second m3/s | (3-1 
Sound intensity l= 5 watt per square metre W/¡m?| mt-3 
Density of sound energy w= 5 joule per cubic metre J/m3 | (—1mt2 
TABLE 14 
Quantity Unit and its eons en factor to SI 
Sound pressure l dyn/cm? =0.1 N/m? 
Volume velocity 1 cm?/s =10-° _m?/s 
Sound intensity 1 erg/cem?s = 10-3 W/m? 
Density of sound energy l erg/cm?=0.1 J/m3 


Sa a 
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Table 14 shows some acoustic units of the CGS system and their 
relation to the SI units. 

Some arbitrary acoustic units permitted by GOST 8849-58 are 
given in Table 15. 








TABLE 15 
Quantity Unit S mboi Definition of unit 
Level of sound pres- | decibel db A level of sound pressure, twenty com- 
sure mon logarithms of whose ratio to an 


arbitrary pressure threshold equal to 
2x10-5 N/m? taken as the zero le- 
vel are equal to unity 

Loudness level phon phon A level of sound loudness for which 
the level of sound pressure of an 
equally loud sound with a frequency 
of 103 Hz is equal to 1 db 





EXAMPLES OF SOLUTIONS 


Example 1. The amplitude of barmonic oscillations of a material 
point is 5 cm, its mass is 10 grammes and the total energy of the 
oscillations is 3.1x 10-* J. Write the equation of the harmonic oscil- 
lations of this point (with numerical coefficients) if the initial oscil- 
lation phase is 60 degrees. 

Solution. The general equation of harmonic oscillations is 


a 2nt 
x=A sin (+o) (1) 
In our case A=5 cm, ọ=60°= 5 The oscillation period T is un- 


201 A3 
38.1 X 10743, 





known, but it can be found from the condition E= 
Hence 


In our case A=5X 10-* m, the mass m=10-* kg and oe A Di e 
Upon inserting these data in Eq. (2), we get T=4 s. Hence ==" = 


= Ft, and equation (1) becomes x=5sin (543) em. Since sin( 3+ 


+5) is a dimensionless magnitude, it is not necessary to insert A in 
metres; x will correspond to the dimension of the amplitude A. 
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Example 2. The sound pressure level L, is 40 db. Find the ampli- 
tude of the sound pressure and the sound intensity. Assume the 
audibility threshold to be /,=10-12? W/m. 

Solution. The sound pressure level L, in decibels is related to the 
amplitude of the sound pressure Ap by the equation 


A 
L, =20 10810 5, (1) 


where Ap, is the amplitude of the sound pressure at the zero loudness 
level. In the MKS system we have Apo>=2x 10-5 N/m?*. According 
to me initial io: L,=40 db. Hence, from Eq. (1) we have 


logg =2, whence ¿2= 10?; and the sought amplitude of the sound 


pressure will be Ap= Apex 10*=2x 10- 5x 10? N/m?=2x 10-3 N/m?. 
i The loudness level L, in phons is related to the sound intensity as 
ollows 


l 
L,= 10 log,, T (2) 


From the definition of the pron, we have L,=40 phon when L,=40 db. 
Then from Eq. (2) logio- T, =4 or = 10‘, and the sought sound in- 
tensity I= 15x 10*= 10-19 10 W/m*=10-* W/m:. 


12. Harmonic Oscillatory Motion and Waves 


The equation of harmonic oscillatory motion can be written as 
x= Ásin + 9)= =A sin (2nvt + q) = A sin (of + q) 


where x=displacement of a point from the position of equilibrium, 
different for different moments of time 
A=amplitude 
T=period 
=initial phase 
v=7=oscillation frequency 


ST 
o=*=angular frequency. 
The velocity of an oscillating point is 


v= =A cos (2127 +9) 


and the acceleration 
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The force which causes a point of mass m to oscillate harmonically is 
4n2A 41m 


F t 
F=ma=— -yr ™ sin (27 +0)=— E =— kx 


where ri, whence T=2n vo 

Here T is the period of oscillations of a point oscillating under the 
action of the force F=—kx, where k is the deformation coefficient, 
numerically equal to the force producing a displacement equal to 
unity. 

The kinetic energy of an oscillating point is 


2 2 A2 
E, ae A Meos? (F +e) 





2 T? 
and its potential energy 








kx? 2n2A2m 2nt 
Epo Maint (24 9) 
The total energy will be 
E= 21? A2m 
=n 


Small oscillations of a pendulum serve as an example of harmonic 
oscillatory motion. The period of oscillations of a mathematical 


pendulum is 
T 
T =2n V + 


where /=length of pendulum 
g=gravity acceleration. 
Upon summation of two identically directed harmonic oscillations 
having the same period, we obtain a harmonic oscillation of this 
period with the amplitude 


A=} Ai + Aj + 2A,A, cos (9, —9,) 


and with the initial phase determined from the equation 


A, sin q, + Ag sin P3 
A, cos P1 + A2 COS Pa 


where A, and A, are the amplitudes of the oscillations being added 
and q, and q, their initial phases. 
Upon summation of two mutually perpendicular oscillations having 
te same period, the equation of the path of the resulting motion takes 
e form 


tang= 


x? y? 2xy ae 
ART AOS (00) = sin" (9,94) 
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lf, besides the elastic force F=—kx, a material point with the 
mass m is acted upon by the friction force F,,=—rv, where r is the 
coefficient of friction and uv is the velocity of the oscillating point, 
then the oscillations of the point will be damped. 

The equation of damped oscillatory motion has the form 

x= Ae~* sin (wt +9) 

where ô is the damping coefficient. Here ô= z- and o=Voj—6, 
where (0. is the angular frequency of natural oscillations. 

The quantity ôT is known as the logarithmic damping decrement. 

If a material point with the mass m and whose oscillation is given 
in the form 


x, = Ae~* sin wot 
is acted upon by an external periodic force F=F, sinwt, the oscilla- 


tions of the point will be forced, and the equation of its motion will 
take the form 


x,=Asin(wt+@) 





where 
pee eS 
mV (03 — ot} +400 
and 
28w 
tang = 
F w —o? 


Resonance sets in when the frequency of the forced oscillations w 
is related to the frequency of natural oscillations wo and the damping 
coefficient 5 as follows: 


o = V 03 — 26 


When undamped oscillations propagate with the velocity c along 
a certain direction called a ray, the displacement of any point lying 
on the ray and removed from the source of oscillations by a distance l 
is described by the equation 

. f2nt nl 
x=Asin FE 
where A=amplitude of oscillating points 
A=wavelength. 

Here A=cT. Two points lying on the ray at distances /, and l, from 
the source of oscillations have the phase difference 


lo—l 
Y, —Q, = 21 z 2 a 
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pen interference of the waves, the maximum amplitude is obtained 
when 


l—l,=2n} (n=0, 1,2, ...) 


where /,—/, is the difference of the ray path. 
The amplitude minimum is obtained when 


h—l, =(2n+1)% (n=0, 1,2, ...) 


12.1. Write the equation of harmonic oscillatory motion with an 
amplitude of 5 cm if 150 oscillations are performed during one minute 
and the initial oscillation phase is 45°. Draw a diagram of this motion. 

12.2. Write the equation of harmonic oscillatory motion with an 
amplitude of 0.1 m, a period of 4 s and an initial phase equal to zero. 

12.3. The amplitude of harmonic oscillations is 50 mm, the period 


4 s and the initial phase > . (1) Write the equation of this oscillation. 


(2) Find the displacement of an oscillating point from the equilibrium 
position at t=0 and t=1.5 s. (3) Draw a diagram of this motion. 

12.4. Write the equation of harmonic oscillatory motion if the 
initial phase is: (1) 0, (2) E-, (3) x, (4) +, (6) 2n. The amplitude of 
the oscillations is 5 cm and the period 8 s. Draw a diagram of the 
oscillations for all these cases. 


12.5. Draw on one diagram two harmonic oscillations with the 
same amplitudes (4,=A,=2 cm) and the same periods (T,=T,=8 s), 


but with a phase difference of (1) 7, (2) 4, (3) x and (4) 2n. 


12.6. In what time after motion begins will a harmonically oscil- 
lating point be brought out of the equilibrium position by half the 
amplitude? The oscillation period is 24 s and the initial phase is zero. 

12.7. The initial phase of harmonic oscillation is zero. After the 
elapse of what fraction of the period will the velocity of the point 
be equal to half its maximum velocity? 

12.8. In what time after its motion begins will a point oscillating 
according to the equation x=7sin0.5a¢ move from the position of 
equilibrium to the maximum displacement? 

12.9. The amplitude of harmonic oscillation is 5 cm and the period 
4 s. Find the maximum velocity of an oscillating point and its maxi- 
mum acceleration. 


12.10. The equation of motion of a point is given as x=2sin(F-t+ 
+ 7) cm. Find: (1) the period of oscillations, (2) the maximum velo- 
city of the point, (3) its maximum acceleration. 
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12.11. The equation of motion of a point is given as x=sin El 


Find the moments of time at which the maximum velocity and acce- 
leration are attained. 

12.12. A point performs harmonic oscillation. The period of oscil- 
lations is 2 s, the amplitude 50 mm and the initial phase is zero. Find 
the velocity of the point at the moment when it is displaced from 
equilibrium by 25 mm. 

12.13. Write the equation of harmonic oscillatory motion if the 
maximum acceleration of a point is 49.3 cm/s?, the period of oscilla- 
tions 2 s and the displacement of the point from equilibrium at the 
initial moment of time 25 mm. 

12.14. The initial phase of harmonic oscillation is zero. When the 
point deviates by 2.4 cm from the position of equilibrium, its velocity 
is 3 cm/s, and by 2.8 cm—2 cm/s. Find the amplitude and period of 
this oscillation. 

12.15. The equation of oscillation of a material point with a mass 


of m=1.6x 10-* kg has the form x=0.1sin ( + 45) m. Plot a diagram 
showing how the force F acting on the point depends on the time £ 
(within one period). Find the maximum force. 

12.16. A material point with a mass of 10 g oscillates according to 
the equation x=5sin( H45) cm. Find the maximum force acting on 
the paint and the total energy of the oscillating point. 

12.17. The equation of oscillation of a material point with a mass 


of 16 g has the form x=2sin( 744% ) cm. Plot a diagram showing 
4 4 


how the kinetic, potential and total energies of the point depend on 
the time (within one period). 

12.18. What is the ratio between the kinetic energy of a harmoni- 
cally oscillating point and its potential energy for the moments of 


time: (1) t= + s, (2) t= s, (3) (=4 s? The initial phase of oscilla- 


tions is zero. 

12.19. What is the relationship between the kinetic energy of a 
harmonically oscillating point and its potential energy for the moments 
when the displacement of the point from the position of equilibrium is: 


(1) x=% , (2) nad , (3) x=A, where A.is the amplitude of oscilla- 
tions. 

12.20. The total energy of a harmonically oscillating body is 3x 
x 10-* J and the maximum force acting on the body is 1.5x 10-8 N. 
Write the equation of motion of this body if the period of oscillations 
is 2 s and the initial phase is 60°. N 
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12.21. The amplitude of harmonic oscillations of a materi i 
A=2 cm and the total energy of the oscillations Beacon Pom 
what displacement from the position of equilibrium will the oscil- 
lating point be acted upon by a force of F=2.25x 10-5 N? 

12.22. A ball suspended from a thread 2 m long is deflected through 
an angle of 4 deg and its oscillations are observed. Assuming the 
oscillations to be undamped and harmonic, find the velocity of the 
ball when it passes through the position of equilibrium. Check the 
solution by finding this velocity from the equations of mechanics. 

12.23. A load of 10 kgf is suspended on a spring. Determine the 
period of vertical oscillations of the load if the spring stretches 1:5 cm 
under a force of 1 kgf. 

12.24. A load is suspended on a spring. Find the deformation coef- 
ficient of the spring if the maximum kinetic energy of the oscillations 
of the load is 1 J. The amplitude of oscillations is 5 cm. 

12.25. How will the period of vertical oscillations of a load hanging 
on two identical springs change if instead of tandem connection the 
springs are connected in parallel? 

12.26. A copper ball suspended on a spring performs vertical oscil- 
lations. How will the period of oscillations change if an aluminium ball 
of the same radius is attached to the spring instead of the copper one? 

12.27. A pan with a set of weights is attached to a spring. The pe- 
riod of vertical oscillations is 0.5 s. After additional weights are placed 
on the pan, the period of vertical oscillations becomes 0.6 s. By how 
much does the spring stretch owing to the additional weight? 

12.28. A weight of 0.5 kgf is suspended from a rubber cord 40 cm 
long with a radius of 1 mm. Find the period of vertical oscillations 
of the weight if Young's modulus for the rubber is 0.3 kgf/mm*. 

Note. Remember that the deformation coefficient & of rubber is 


related to Young’s modulus E by the equation k=SE , where S is the 


cross-sectional area of the rubber and / its length. 

12.29. An aerometer weighing G=0.2 kgf floats in a liquid. If 
the aerometer is slightly submerged and then released it begins to 
oscillate with a period of T=3.4 s.. Assuming the oscillations to be 
undamped, use the data of this experiment to find the density of the 
liquid p in which the aerometer is floating. The diameter of the ver- 
tical cylindrical tube of the aerometer d=1 cm (see also Chapter 1, 
Sections 2 and 3). 

12.30. Write the equation of motion obtained by the summation 
of two identically directed harmonic oscillatory motions with the 
same period of eight seconds and the same amplitude of 0.02 m. The 


difference of phases between the oscillations is Fe The initial phase 
of one of the oscillations is zero. 


12—3574 
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12.31, Find the amplitude and the initial phase of the harmonic 
oscillation obtained by the summation of identically directed os- 


cillations conforming to the equations xı=0.02sin( 521+% ) m and 


x,=0.03sin(Snt+-F) m. 

12.32. The summation of two identically directed harmonic oscil- 
lations with the same amplitudes and periods produces a resulting 
oscillation with the same period and amplitude. Find the difference 
of phases of the initial oscillations. 

12.33. (1) Find the amplitude and initial phases of the harmonic 
oscillation obtained by summation of the identically directed oscil- 


lations whose equations are x,=4 sinxt cm and *=3sin( t+ ) cm. 


(2) Write the equation of the resulting oscillation. (3) Draw a vector 
diagram showing the summation of the amplitudes. 

12.34. Fig. 61 shows a spectrum of a complex oscillation. (1) Write 
the equations of the constituent oscillations using the data on 
the drawing. (2) Draw a diagram 
of these oscillations assuming that 
the difference of phases between 
these oscillations is zero at the mo- 
ment ¿=0. (3) Plot a diagram of 
the resulting complex oscillation. 

‘12.35. There are two harmonic 
oscillations x,=3sin4a¢ cm and 
x,=6sin 10x¢ cm. Draw a diagram 
of these oscillations, as well as a 
diagram of the resulting oscillation 
after graphical summation of the initial ones. Draw a spectrum of 
the complex oscillation obtained. 

12.36. An oscillation is described by the equation 

x=A sin 2nv,t (1) 


where. A changes with time according to the law A=A,(1-++cos 2nv,!). 
Here A, is constant. Find the harmonic oscillations forming oscilla- 
tion (1). Draw a diagram of the constituent and resulting oscillations 
when A¿=4 cm, v,=2s”!, va=1 s”!, Plot a spectrum of the complex 
oscillation. 

12.37. Write the equation of the resulting oscillation obtained by 
summation of two mutually perpendicular oscillations with the same 
frequency v,=v,=5 Hz and the same initial phase p,=q,=60". 
Their amplitudes are A,=0.10 m and A,=0.05 m. 

12.38. A point takes part in two oscillations having the same period 
and the same initial phase. The amplitudes of the oscillations A,=3 cm 
and A,=4 cm. Find the amplitude of the resulting oscillation if: 
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(1) the oscillations are in the same direction, (2) the oscillations are 
mutually perpendicular. 

12.39. A point simultaneously participates in two mutually per- 
pendicular oscillations: x=2sinwf m and y=2c0swf m. Find the 
trajectory of motion of the point. 

12.40. A point simultaneously participates in two mutually per- 


pendicular oscillations x=cosn¢ and y=cos = . Find the trajectory 


of the resulting motion of the point. 
12.41. A point simultaneously participates in two mutually per- 


pendicular oscillations x=sin xt and y=2sin (a+). Find the tra- 


jectory of motion of the point, and draw it, showing the scale used. 
12.42. A point simultaneously participates in two mutually per- 
pendicular oscillations x=sinat and y=4sin(xt+ax). Find the tra- 
jectory of motion of the point and draw it showing the scale used. 
12.43. The period of damped oscillations is 4 s, the logarithmic 
damping decrement 57 is 1.6 and the initial phase is zero. The dis- 


placement of the point is 4.5 cm at t=}. (1) Write the equation of 


motion of this oscillation. (2) Plot a diagram of this oscillatory motion 
within the limits of two periods. 
12.44. Plot a diagram of a damped oscillation whose equation is 


given in the form x=e”0-*! sin at m. 
12.45. The equation of damped oscillations is given in the form 
x=567 tsin 5 t m. Find the velocity of an oscillating point at the 


moments of time: 0, T, 2T, 3T and 4T. 

12.46. The logarithmic damping decrement of a mathematical 
pendulum is 67 =0.2. How will the amplitude of oscillations decrease 
during one full oscillation of the pendulum? 

12.47. What is the logarithmic damping decrement of a mathe- 
matical pendulum if the amplitude of the oscillations halved in one 
minute? The pendulum is 1 m long. 

12.48. A mathematical pendulum 24.7 cm long performs damped 
oscillations. In what time will the energy of the pendulum oscilla- 
tions decrease 9.4 times? Solve the problem for logarithmic damping 
decrements of: (1) 57=0.01, and (2) 67=1. 

12.49. A mathematical pendulum performs damped oscillations 
with a logarithmic damping decrement equal to 0.2. How many times 
will the full acceleration of the pendulum decrease in its extreme 
position during one oscillation? 

12.50. The amplitude of damped oscillations of a mathematical 
pendulum halves in one minute. How will it decrease in 3 minutes? 


12* 
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12.51. A mathematical pendulum 0.5 m long brought out of equi- 
librium deflects by 5 cm during the first oscillation and by 4 cm during 
the second one (in the same direction). Find the time of relaxation, 
i.e., the time during which the amplitude of the oscillations decreases 
e times, where e is the base of natural logarithms. 

12.52. A weight is suspended from a vertically hanging spring, 
and the spring extends 9.8 cm. The weight is pulled down and released 
to make it oscillate. What should the damping coefficient 6 be for: 
(1) the oscillations to cease in 10 seconds (assume conditionally 
that the oscillations cease as soon as their amplitude drops to 1 per cent 
of the initial magnitude), (2) the weight to return to equilibrium 
AP PREY (3) the logarithmic damping decrement to be equal 
to 6? 


12.53. A body with a mass of m=10 g performs damped oscillations 
with a maximum amplitude of 7 cm, an initial phase equal to zero and 
a damping coefficient of 1.6 s~'. The body is acted upon by an ex- 
ternal periodic force which produces forced oscillations whose equation 
is x=5sin(101t—0.751) cm. Find: (1) the equation (with numerical 
coefficients) of the natural oscillations, (2) the equation (with nume- 
tical coefficients) of the external periodic force. 

12.54. A weight of 0.2 kgf is suspended on a vertical spring and 
performs damped oscillations with a damping coefficient of 0.75 s~?. 
The deformation coefficient of the spring is 0.5 kgf/cm. Draw a dia- 
gram showing how the amplitude A of the forced oscillations of the 
weight depends on the frequency w of an external periodic force if 
the maximum value of this force is 0.98 N. To plot the diagram, find 
the values of A for the following frequencies: o=0, o=0.505, o= 
=0.7509, 0=07, O= 1.50) and ©=2w,, where © is the frequency 
of the natural oscillations of the suspended weight. 

12.55. A tractor leaves tracks on an unpaved road in the form of a 
number of depressions 30 cm apart. A pram with two identical leaf 
springs, each of which deflects 2 cm under a load of 1 kgf; is pushed 
across the tracks. What is the speed of the pram if the resulting 
jot ES it to swing heavily in resonance? The pram weighs 
10 kgf. 

12.56. Find the wavelength of an oscillation with a period of 
1071 s. The oscillations propagate with a velocity of 3X10* m/s. 

12.57. Sound oscillations with a frequency of v=500 Hz and an 
amplitude of A=0.25 mm propagate in air. The wavelength A=70 cm. 
Find: (1) the velocity of propagation, (2) the maximum velocity 
of the particles of air. 

12.58. An equation of undamped oscillations is x=10sin0.5n¢ cm. 
(1) Find the equation of the wave if the oscillations propagate 
with a velocity of 300 m/s. (2) Write and plot graphically the equa- 
tion of oscillation for a point at a distance of 600 m from the source 
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of oscillations. (3) Write and plot graphically the equation 
of oscillation for the points of the wave at a moment of ¢=4 s after 
the oscillations begin. 

12.59. An equation of undamped oscillations is x=4 sin 600n¢ cm. 
Find the displacement from the position of equilibrium of 
a point 75 cm away from the source of oscillations in 0.01 second after 
they begin. The oscillations propagate with a velocity of 300 m/s. 

12.60. An equation of undamped oscillations is x=sin 2.5nt cm. 
Find the displacement from the position of equilibrium, the 
velocity and the acceleration of a point 20 m away from the source 
of oscillations for a moment of ¢=1 s after the oscillations begin. 
The oscillations propagate with a velocity of 100 m/s. 

12.61. What is the difference of phases between the oscillations 
of two points at a distance of 10 and 16 m respectively from the source 
of oscillations? The period of oscillations is 0.04 s and the velocity 
of their propagation 300 m/s. 

12.62. Find the phase difference of the oscillations of two points 
2 m apart lying on a ray if the wavelength is 1 m. 

12.63. Find the displacement from the position of equilibrium of a 


point removed from the source of oscillations by I=} for the moment 


t=% . The amplitude of the oscillations is A=0.05 m. 


12.64. The displacement from the position of equilibrium of a 
point 4 cm from a source of oscillations is half the amplitude at the 


moment t=}. Find the length of the running wave. 


12.65. Find the position of the nodes and antinodes and draw a 
diagram of a standing wave for two cases: (1) reflection is from a 
less dense medium, (2) reflection is from a denser medium. The length 
of the running wave is 12 cm. 

12.66. Determine the wavelength of oscillations if the distance 
between the first and fourth antinodes of a standing wave is 15 cm. 


13. Acoustics 


The velocity of propagation of acoustic oscillations in a certain me- 
dium can be found from the formula 


E 
c= y E 
where E = Young’s modulus of the medium 


p =density of the medium. 
In gases, the velocity of propagation is 
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where p=mass of one kilomole of gas 
T=absolute temperature of the gas 
R=gas constant 
C,=heat capacity of the gas at constant pressure 
Cy=ditto at constant volume. 
The sound pressure level L, in decibels is related to the sound pres- 
sure amplitude Ap by the ratio 


L, =201og,, a 


where Ap, is the sound pressure amplitude at a loudness level equal 
to zero. The loudness level L, in phons is related to the sound intensity 
by the ratio 


1 
L, = 10 log, 37 


where /, is the zero loudness level. It is assumed that 
T.¿=10-1* W/m? and Ap,=2X 107* N/m* 


According to Doppler’s principle, the frequency of sound perceived 
by an observer is determined from the formula 


._ €+0 
ye cme 


where v=frequency of the sound emitted by its source 
u=velocity of the sound source 
u=speed of the observer 
-c=velocity of propagation of sound. 
The velocity v>0 if the observer moves towards the source of sound, 
and u>0 if the source moves towards the observer. 
The frequency of the fundamental tone of a string can be determined 
where /=length of string 


from the formula 
1 F 
siya 
F=its tension 


S=its cross-sectional area 
p=density of the medium material. 

13.1. Find the wavelength of the fundamental of the musical tone 
A (frequency 435 Hz). The velocity of sound is 340 m/s. 

13.2. A man's ear can perceive sound with a frequency of 20 to 
20,000 Hz. Between what wavelengths does the range of audibility 
of sound oscillations lie? The velocity of sound in air is 340 m/s. 

13.3. Find the velocity of sound propagation in steel. 

13.4. Find the velocity of sound propagation in copper. 
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13.5. Sound propagates in kerosene with a velocity of 1,330 m/s. 
Find the coefficient of compression of kerosene. 

13.6. What is the depth of a sea measured by means of an echo 
sounder if the time between the moment the sound is produced and 
received is 2.5 s? The coefficient of compression of water is 4.6 107° 
m*/N and the density of sea water is 1,030 kg/m’. 

13.7. Find the velocity with which sound propagates in air at tem- 
peratures of: (1) —20°C, (2) 0°C, (3) +20°C. 

13.8. How many times is the velocity of sound propagation in air 
in summer (temperature +27° C) higher than in winter (temperature 
—33° C)? 

13.9. If the mean quadratic velocity of the molecules of a biatomic 
gas is 461 m/s in the conditions of an experiment, find the velocity 
of sound propagation in these conditions. 

13.10. Find the velocity of sound propagation in a biatomic gas if 
the density of this gas is 1.29 10-* g/cm at a pressure of 760 mm Hg. 

13.11. The mean kinetic energy of translational motion of the mole- 
cules of one kilomole of nitrogen is 3.4x 10? kJ. Find the velocity 
of sound propagation in nitrogen in these conditions. 

13.12. The temperature of the upper layer of the atmosphere cannot 
be measured with a thermometer, since it will not get into thermal 
equilibrium with the environment owing to the low density of the 
gas. For this purpose use is made of a rocket with grenades which 
explode at a certain altitude. Find the temperature at an altitude of 
20 km from the Earth’s surface if the sound produced by an explosion 
at an altitude of 21 km is detected 6.75 s after that produced by an 
explosion at an altitude of 19 km. 

13.13. Find the refraction of a sound wave on the boundary between 
air and glass. Young's modulus for glass is 6.9 x 101° N/m’, the density 
of glass is 2.6 g/cm®, and the air temperature is 20° C. 

13.14. Find the limit angle of complete internal reflection of sound 
waves on the boundary between air and glass. Take the necessary 
data from the previous problem. 

13.15. Two sounds differ in loudness level by 1 phon. Find the 
ratio of the intensities of these sounds. 

13.16. Two sounds differ in sound pressure level by 1 db. Find 
the ratio of their sound pressure amplitudes. 

13.17. A noise in the street with a loudness of 70 phons can be 
heard in a room as a noise of 40 phons. Find the ratio between the 
sound intensities in the street and in the room. 

13.18. The intensity of a sound increases 1,000 times. (1) By how 
many decibels does the sound pressure level increase? (2) How many 
times does the sound pressure amplitude increase? 

13.19. The intensity of a sound is 10~* W/m?. Find: {1) the loud- 
ness level, (2) the amplitude of the sound pressure. 
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13.20. By how many phons will the loudness level increase if the 
sound intensity grew (1) 3,000 times, and (2) 30,000 times? 

13.21. Find the groove pitch on a phonograph record for the musical 
tone A (435 Hz): (1) at the beginning of recording at a distance of 
12 cm from the centre, (2) at the end of recording at a distance of 4 cm 
from the centre. The record rotates at a speed of 78 rev/min. 

13.22. Find the groove pitch on a phonograph record for: (1) v= 
=100 Hz and (2) v=2,000 Hz. The mean distarice from the record 
centre is 10 cm. The record rotates at a speed of 78 rev/min. 

13.23. Six antinodes are observed in the air column when a standing 
wave forms in a Kundt tube. What is the length of the air column 
if a steel bar is secured: (1) at the middle, (2) at the end? The bar is 
1 m long. The velocity of sound in steel is 5,250 m/s and in air 343 m/s. 

13.24. What is the length of a glass bar in a Kundt tube if five 
antinodes are observed in the air column when the bar is secured at 
the middle? The latter is 0.25 m long. Young’s modulus for glass is 
6.9x 10!° N/m? and the density of glass is 2.5 g/cm?. The velocity 
of sound in air is 340 m/s. 

13.25. For what maximum frequencies can Kundt’s method be used 
to determine the velocity of sound if we assume that the minimum 
detectable distance between antinodes is [a4 mm? The velocitv of 
sound in air is 340 m/s. 

13.26. Two trains are traveling towards each other at speeds of 
72 km/h and 54 km/h, respectively. The first train whistles emitting 
a sound with a frequency of 600 Hz. Find the frequency of the sound 
oscillations which can be heard by a passenger in the second train: 
(1) before the trains meet, (2) after the trains meet. The velocity of 
sound is 340 m/s. 

13.27. When a whistling train travels past a person standing still, 
the height of the tone of the whistle sharply changes. What percentage 
of the actual frequency does the change in tone form if the train moves 
at 60 km/h. 

13.28. A man on the seashore hears the hooting of a ship. When 
neither is moving, the sound has a frequency of 420 Hz. When the 
ship moves towards the man, the frequency of the sound he hears is 
430 Hz. When the ship moves away trom the man, the frequency is 
415 Hz. Find the speed of the ship in the first and second cases if the 
velocity of sound during the experiment is 338 m/s. 

13.29. A bullet flies with a velocity of 200 m/s. How many times 
will the height of the tone of its whistling change for a man standing 
still past whom the bullet flies? The velocity of sound is 333 m/s. 

13.30. Two trains move towards each other with the same speed. 
What should their speed be if the height of the tone of the whistle of 
one of them heard on the other changes 9/8 times? The velocity of 
sound is 335 m/s. Xx 
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13.31. A bat flies perpendicular to a wall with a speed of v=6.0 m/s 
emitting an ultrasound with a frequency of v=4.5x 10% Hz. What 
sound of two frequencies can be heard by the bat? The velocity of 
sound is 340 m/s. 

13.32. How long should a steel string with a radius of 0.05 cm be 
for it to produce a tone with a frequency of 320 Hz when it is stretched 
by a force of 100 kgf? 

13.33. What force should tension a steel string 20 cm long and 
0.2 mm in diameter for it to produce the musical note A (frequency 
435 Hz)? 

13.34. The ultimate strength of steel being known, find the maximum 
frequency to which a string 1 m long can be tuned. 

13.35. A string tensioned with a force of 15 kgf produces eight 
beats per second in comparison with a tuning fork. When the string 
is tensioned with a force of 16 kgf, it becomes tuned in unison with 
the fork. Find the number of oscillations of the tuning fork. 

13.36. The tuning fork of the previous problem gives in comparison 
with another fork 10 beats in five seconds. Find the oscillaticn fre- 
quency of the second fork. 

13.37. Find the frequency of the fundamental tone of a string 
tensioned by a force of F=6X 108 N. The length of the string /=0.8 m 
and its weight G=0.03 kgf. 

13.38. Find the frequency of the fundamental tone of: (1) an open 
tube, (2) a closed tube. 

13.39. A closed tube produces the fundamental musical tone C 
which corresponds to a frequency of 130.5 Hz. The tube is then ope- 
ned. What fundamental tone will it emit now? What is the length 
of the tube? Assume the velocity of sound in air to be 340 m/s. 


14. Electromagnetic Oscillations and Waves 


The period T of electromagnetic oscillations in a circuit consisting 
of a capacitance C, inductance L and resistance R is determined 


from the formula 
T == 
V 10-(32) 


If the resistance of the circuit is so small that 
Ry l 
(£) <i 
then the period of oscillations will be 
T =2nV IC 
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If the resistance R of the circuit is not zero, the oscillations will 
be damped, and the difference of potentials across the capacitor plates 
changes with time according to the law 


U =U,e"* cos wi 
if the time is counted from the moment corresponding to the maxi- 
mum potential difference across the capacitor plates. Here $=37 


is the damping coefficient. The quantity 57 is called the logarithmic 
damping decrement. 
If 5=0, the oscillations will be undamped and we have 


U=U, cosol 
If the time is counted from the moment when the difference of 


potentials across the capacitor plates is zero, the following equation 
will be true 


U=U,sinot 
Ohm’s law for an alternating current is written as 
Ue 
lay= =! 


where /,, and U,, are effective values of the current intensity and 
voltage, ‘which are related with their amplitude values /, and Uy 
by the equations 


U 
l= and U,, Te 

and Z is the impedance of the circuit. If a circuit includes a resistance 

R, capacitance C and inductance L connected in series, then 


imi) aol) +(0 al—¿)' 
Here the phase shift between the voltage and the current intensity 


is determined by the formula 


az 
tang = zel 





Formulas for the impedance of a circuit Z and the phase shift 
for various methods of connecting R, C and L are given in the table 
on p. 334. 

In an alternating current circuit, a coil with a resistance R and 
inductance L corresponds to R and L connected in series. A leaky 
capacitor with the capacitance C and resistance R corresponds to R 
and C connected in parallel. 
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The power of an alternating current is 
P=I,,U,,cos@ 


14.1. An oscillatory circuit consists of a capacitor with a capaci- 
tance of 800CGS, and a coil with an inductance of 2x 10-? H. What 
see is the circuit tuned to? Disregard the resistance of the 
circuit. 

14.2. What wave range can an oscillatory circuit be tuned to if 
its inductance is 2x 10-* H and its capacitance can vary from 62 to 
480 CGS¿? The resistance of the circuit is negligibly small. 

14.3. What inductance should be connected to an oscillatory circuit 
to obtain a sound frequency of 1,000 Hz with a capacitance of 2 pF? 
Disregard the resistance of the circuit. 

14.4. A coil with an inductance of L=3x 107° H is connected to a 
plane-parallel capacitor with a plate area of S=100 cm? and the plates 
spaced at d=0.1 mm. What is the relative permittivity of the medium 
filling the space between the plates if the circuit resonates to a wave- 
length of 750 m? 

14.5. An oscillatory circuit consists of a capacitor with a capaci- 
tance of 0.025 uF and a coil with an inductance of 1.015 H. Neglect 
the resistance of the circuit. The capacitor is charged with a quantity 
of electricity equal to 2.5x 10”* C. (1) Write for this circuit an equa- 
tion (with numerical coefficients) showing how the difference of po- 
tentials across the capacitor plates and the current intensity in the 
circuit change with time. (2) Find the difference of potentials across 
the capacitor plates and the current intensity in the circuit at the 
moments of time E ; - and F s. (3) Plot diagrams of these relation- 
ships within the limits of one period. 

14.6. For the oscillatory circuit of the previous problem: (1) write 
an equation (with numerical coefficients) showing the change with 
time of the energy of its electric field, the energy of its magnetic field 
and the total energy, (2) find the energy of the electric field, the energy 


of the magnetic field and the total energy at the moments of time L ; 


Z and 5 s, (3) plot diagrams of these relations within the limits 
of one period. 

14.7. The equation of the change with time of the difference of 
potentials across the capacitor plates in an oscillatory circuit is given 
as U=50cos 10‘1t V. The capacitance of the capacitor is 107° F. 
Find: (1) the period of oscillations, (2) the inductance of the circuit, 
(3) the law showing how the current intensity in the circuit changes 
with time, (4) the wavelength which corresponds to this circuit. | 

14.8. The equation of the change with time of the current intensity 
in a circuit is given as /=—0.02X sin 400a¢ A. The inductance of the 
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circuit is 1 H. Find: (1) the period of oscillations, (2) the capacitance 
of the circuit, (3) the maximum difference of potentials across the 
capacitor plates, (4) the maximum energy of the magnetic field, 
(5) the maximum energy of the electric field. 

14.9. What is the relationship between the energy of the magnetic 
field of an oscillatory circuit and the energy of its electric field for 


the moment of time Z s? 


14.10. An oscillatory circuit'consists of a capacitor with a capaci- 
tance of 7 pF and a coil with an inductance of 0.23 H and a resistance 
of 40 Q. The capacitor is charged with a quantity of electricity equal 
to 5.6x10-* C. (1) Find the period of oscillations of the circuit. 
(2) Find the logarithmic damping decrements of the oscillations. 
(3) Write an equation showing how the difference of potentials 
across the capacitor plates changes with time. (4) Find the difference 


of potentials at the moments Z, T, $T and 27 s. (5) Plot a 


diagram U=f(f) within the limits of two periods. 

14.11. An oscillatory circuit consists of a capacitor with a capaci- 
tance of 0.2 pF and a coil with inductance of 5.07 10-8 H. (1) At 
what logarithmic damping decrement will the difference of potentials 
across the capacitor plates be reduced to one-third in 10-* s? (2) What 
is the resistance of the circuit in this case? 

14.12. An oscillatory circuit consists of an inductance of 10-* H, 
a capacitance of 0.405 uF and a resistance of 2 2. How many times 
will the difference of potentials across the capacitor plates diminish 
during one period? 

14.13. An oscillatory circuit consists of a capacitor with a capaci- 
tance of C=2.22x 10° F and a coil wound of copper wire with a 
diameter of d=0.5 mm. The length of the coil [=20 cm. Find the 
logarithmic damping, decrement of the oscillations. 

14.14. An oscillatory circuit has a capacitance of 1.1 107° F and 
an inductance of 5x 10-* H. The logarithmic damping decrement is 
0.005. In what time will 99 per cent of the circuit energy be lost 
owing to damping? 

14.15. An oscillatory circuit consists of a capacitor and a long coil 
wound of copper wire with a cross-sectional area S=0.1 mm*. The 
length of the coil /=40 cm. What is the capacitance C of the capacitor 
if the error we admit in calculating the period of oscillations of the 
circuit by means of the approximate formula T=2nV/LC is e=1 
per cent? 


Note. The error e= , where 7, is the period of oscillations 


2 
found approximately and 7, is that determined by means of the ac- 
curate formula. 
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14.16. A coil with a length of /=50 cm and a cross-sectional area 
of S=10 cm? is connected to an alternating current circuit with a fre- 
quency of v=50 Hz. The number of turns on thecoil is N=3,000. 
Find the resistance of the coil if the phase shift between the voltage 
and the current is 60 degrees. 

14.17. The winding of a coil consists of 500 turns of copper wire 
with a cross-sectional area of 1 mm?. The coil is 50 cm long and 5 cm 
in diameter. At what frequency of alternating current will the impe- 
dance of the coil be twice its resistance? 

14.18. Two capacitors with capacitances of C,=0.2 uF and C,= 
=0.1 pF are connected in series to an alternating current circuit with 
a voltage of 220 V and a frequency of 50 Hz. Find: (1) the intensity 
of the current in the circuit, (2) the potential drop across the first 
and second capacitors. 

14.19. A coil 25 cm long with a radius of 2 cm has a winding of 1,000 
turns of copper wire with a cross-sectional area of 1 mm?. The coil is 
connected to an alternating current circuit with a frequency of 50 Hz. 
What part of the impedance of the coil will be formed by (1) the 
resistance, and (2) the inductive reactance? 

14.20. A capacitor with a capacitance of 20 pF and a rheostat with 
a resistance of 150 @ are connected in series to an alternating current 
circuit with a frequency of 50 Hz. What part of the voltage applied 
to this circuit is formed by the voltage drop: (1) across the capacitor, 
and (2) across the rheostat? 

14.21. A capacitor and an electric lamp are connected in series 
to an alternating current circuit at 400 V and 50 Hz. What capa- 
citance should the capacitor have for a current of 0.5 A to fow 
neue the lamp and the potential drop across the lamp to be 

14.22. A coil with a resistance of 10 Q and an inductance of L is 
connected to an alternating current circuit at 127 V and 50 Hz. Find 
the inductance of the coil if it consumes a power of 400 W and the phase 
shift between the voltage and the current is 60 degrees. 

14.23. Compile a table of formulas for the impedance of a circuit Z 
and the phase shift tan q between the voltage and current with va- 
rious methods of connecting the resistance R, the capacitance C and 
the inductance L. Consider cases when: (1) R and C are connected in 
series, (2) R and C are connected in parallel, (3) R and L are connected 
in series, (4) R and L are connected in parallel and (5) R, L and C 
are connected in series. 

14.24. A capacitor with a capacitance of 1 pF and a rheostat with 
a resistance of 3,000 2 are connected to an alternating current circuit 
with a frequency of 50 Hz. The inductance of the rheostat is negli- 
gibly small. Find the impedance of the circuit if the capacitor and the 
rheostat are connected: (1) in series, and (2) in parallel. 
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14.25. A capacitance of 35.4 pF, a resistance of 100 Q and an in- 
ductance of 0.7 H are connected in series to an alternating current 
circuit at 220 V and 50 Hz. Find the intensity of the current in the 
circuit and the voltage drop across the capacitance, resistance and 
inductance. 

14.26. An inductance of L=2.26 x 10-? H and a resistance R are con- 
nected in parallel to an alternating current circuit with a frequency 
of v=50 Hz. Find R if the phase shift between the voltage and the 
current is 60. degrees. 

14.27. A resistance R and an inductance L are connected in parallel 
to an alternating current circuit at 127 V and 50 Hz. Find the resis- 
tance R and the inductance L if the power consumed in this circuit 
is 404 W and the phase shift between the voltage and the current is 
60 degrees. 

14.28. A capacitance C, a resistance R and an inductance L are con- 
nected in series to an alternating current circuit at 220 V. Find the 
voltage drop Up across the resistance if the voltage drop across the 
capacitor Uc=2Up and that across the inductance U,=3Up. 


Chapter 5 
OPTICS 


LIGHT UNITS 


The basic and some derived units intended for the measurement 
of light in SI units as specified by GOST 7932-56 are given in Table 16. 


TABLE 16 







Symbol pimen 











tity and 
o Pormula Unit el quan- 
Basic Units 
Length ! — metre m l 
Time ¢ — second s t 
Luminous intensity / — candela cd L 
Derived Units 
Luminous flux d®=/dw |lumen im 1 
Quantity of light dQ=@di | lumen-second Im-s] tl 


Luminous emittance Mae lumen per square metre | Im/m?| /-*/ 
_ dl [nit (candela per square - 
Luminance L= cos0-dS metre) nt 1-2) 
Illumination E= tux lx 1-2, 
Quantity of illumination| dA,=Edt |lux-second Ix-s |1724 





The unit of luminous flux in this system is the lumen (Im) which 
is the flux emitted by a point source of light of one candela inside 
a solid angle of one steradian. Thus, 1 Im=1 cdx1 sr. — 

Illumination is measured in luxes. One lux is the illumination of 
an area of one square metre by a uniformly distributed luminous 
flux of one lumen. Thus, 1 lx=1 Im/m:. 
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The luminous emittance of a light source is measured in lumens 
per square metre; 1 lm/m?is the luminous emittance which corresponds 
to a luminous flux of 1 Im emitted by an area of 1 m?. 

The unit of luminance is the nit (nt), which is the luminance of a 
uniformly luminescent flat surface producing in a direction normal 
to it a luminous intensity of 1 cd from an area of one square metre. 
Thus, 1 nt=1 cd/m?. 


EXAMPLES OF SOLUTIONS 


Example 1. The filament of an electric lamp with a luminous 
intensity of 1,000 cd is enclosed in a spherical frosted bulb 20 cm in 
diameter. Find: (1) the luminous flux radiated by this light source, 
(2) the luminous emittance and the luminance of this light source, 
(3) the illumination, luminous emittance and luminance of a screen 
receiving 10 per cent of the luminous flux radiated by this light source. 
The reflection coefficient of the surface of the screen p=0.8. The area 
of the screen is 0.25 m?. Assume that the screen surface diffuses light 
according to the Lambert law. 

Solution. (1) The luminous flux @ radiated in all directions by the 
light source is related to the luminous intensity / of this source by the 
formula 


O=4n/ 


In our case, /=10° cd, and therefore D=1.26x 104 Im. 
(2) The luminous emittance of the light source is 


where r is the radius of the spherical bulb. Upon inserting the nume- 
rical data, we find that 


M = 11000 


(0.1)? 
The luminance of the light source is 


1 
L=x3 


=10% Im/m? 


where AS’ is the visible area of the luminescent surface. In our case 
AS’=mnr?, where r is the bulb radius, and hence 


1 1,009 a 
La sa xp pia 318x108 nt 





(3) According to the initial condition, the screen receives a luminous 
flux of ©,=0.10=1.26x 10° Im. N 


OPTICS 193 


The illumination of the screen will thus be 


_ 0D, 1.2610 
Be Soa 


The luminous emittance of the screen is 


Im/m? & 5 « 10? Ix 


M =p St =pE =0.8x5x10° Im/m? = 4x 10? Im/m? 
and the luminance of the screen is 
L=% =1.3x10'nt 


Example 2. A black body is maintained at a constant temperature 
of 1000° K. The surface of the body is 250 cm?. Find the radiated 
power of the body. 

Solution. According to the Stefan-Boltzmann law, the energy 
emitted by a unit of surface of a black body per second is 


M,=0T* 
and all the radiated energy is 
Q, =StM, = StoT* 
where S=surface of the black body 
t=duration of radiation 
o=Stefan-Boltzmann constant 


T=temperature of body in degrees Kelvin. 
The radiation power is 


=% =SoT* 


In our case, S= 250 cm? = 2.5 x 107? m?, o =5.67 x 107* W/m?- deg‘ 
and T = 1000° K. Upon inserting these data, we obtain P =1.42 x 
x 103 W =1.42 kW. 


15. Geometrical Optics and Photometry 


The optical power D for a spherical mirror is determined from the 


formula 
1 1 2 1 D 
R F 


a a 
where a, and az=distances of the object and its image from the 
mirror 


R=radius of curvature of the mirror 
F=focal length of the mirror. sas 
Distances measured from the mirror along the ray are positive, 
and in the reverse direction are negative. If F is in metres, D can be 
expressed in diopters. 


13~-3574 
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When a ray passes from one medium into another, the law of re- 
fraction is applied 
sini 
sinr 
where i=angle of incidence 
r=angle of refraction 
n=index of refraction of the second medium with respect to 
the first one 
v, and v,=velocities of light propagation in the first and second media. 
For a thin lens placed in a homogeneous medium, the optical power 
D can be found from the formula 





=n= 


SJs 
eo jm 


> I 1 1 1 
Li MR) S 
where a, and a,= ios from the object and its image to the lens 
n=relative index of refraction of the lens material 
R, and R,=radii of curvature of the lens. 
The rule of signs for lenses is the same as for mirrors. The optical 
power of two thin lenses placed together is 


D=D,+D, 


where D, and D, are the optical powers of the two lenses. 
The lateral magnification in mirrors and lenses is determined from 
the formula 


p= 7 
y ay 
where y and y' are the heights of the object and the image, respectively. 
The magnification of a magnifying glass is 


se: 
F 


where d,=best viewing distance 
F=principal focal length of the magnifying glass. 
The magnification of a microscope is 
k=d,dD,D, 
where d,=best viewing distance 
d=distance between the focuses of the objective and the 
eyepiece 
D, and D,=optical powers of the objective and the eyepiece. 
The magnification of a telescope 
=f 
= 3 


where F, and F, are the focal lengths of the Ne and the eyepiece, 
respectively. 
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The luminous flux ® is determined by the quantity of light carried 
by the light waves through a given area in a unit time 


_2Q 
Da 


The luminous intensity 7 is numerically equal to the luminous 
flux per unit of a solid angle 
pa? 
~ do 
The illumination E is characterized by the luminous flux per unit 
area 


E=% 


A point source with a light intensity of / creates the illumination 
E= I cosi 
== 
on an area at a distance r from it, where / is the angle of incidence 
of the light rays. 
The luminous emittance M is numerically equal to the luminous 
flux emitted by a unit area of a luminescent body 
d® 
~ dS 


If the luminous emittance of a body is caused by its illumination, 
then M=pE, where p is the diffusion (reflection) coefficient. 

The luminance L of a luminescent surface is a quantity numerically 
oe to the ratio between the luminous intensity from an element 
of a radiating surface and the area of the projection of this element 
onto a plane perpendicular to the direction of observation (i.e., to 
the visible surface of the element): 

Lai! 
~~ dS cos 8 
where 0 is the angle between the perpendicular to the element of the 
surface and the direction of observation. 

If a body radiates according to the Lambert law, i.e., the luminance 
does not depend on the direction, then the luminous emittance M 
and the luminance L are related by the expression 

M =nL 


15.1. A horizontal ray of light falls onto a vertical mirror. The 
mirror is turned through an angle a about its vertical axis. Through 
What angle will the reflected ray turn? i 

15.2. The radius of curvature of a concave spherical mirror is 20 cm. 
An object 1 cm high is placed at a distance of 30 cm from the mirror. 
Find the position and height of the image. Make a drawing. 





13* 
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15.3. At what distance will the image of an object be obtained in a 
convex spherical mirror with a radius of curvature of 40 cm if the 
object is placed at a distance of 30 cm from the mirror? How large 
will the image be if the object is 2 cm in height? Check the calcula- 
tions by making a drawing on millimetre graph paper. 

15.4. A convex spherical mirror has a radius of curvature of 
60 cm. An object 2 cm high is placed at a distance of 10 cm from 
the mirror. Find the position and height of the image. Make a dra- 
wing. 

15.5. A real image of half size is to be obtained in a concave sphe- 
rical mirror with a radius of curvature of 40 cm. Where should the 
object be placed and where will the image be obtained? 

15.6. The image of an object in a concave spherical mirror is twice 
the size of the object. The distance between the object and the image 
is 15 cm. Find: (1) the focal length, and (2) the optical power of the 
mirror. 

15.7. A burning candle is placed in front of a concave spherical 


mirror on its principal optical axis at a distance of =F from the 


apex of the mirror. The candle is arranged at right angles to the axis. 
The image of the candle in the concave mir- 
ror impinges upon a convex mirror with a fo- 
cal length of F,=2F. The distance between 
the mirrors is 3F, and their axes coincide. 
The image of the candle in the first mirror 
plays the part of a virtual object with res- 
pect to the second mirror and gives a real 
image arranged between the two mirrors. 
Plot this image and calculate the total li- 
near magnification of the system. 

15.8. Find the position and size of the 
Sun’s image obtained in a spherical reflec- 
tor with a radius of curvature of 16 m. 

15.9. If a broad beam of light (the width 

Fig. 62 of the beam is shown by the anglea in Fig. 62) 
impinges on a spherical mirror, the ray tra- 
veling parallel to the optical axis and falling on the mirror edge 
will cross the optical axis not at the focus, but at a certain distance AF 
from it after it has been reflected from the mirror. The distance AF 
is known as the longitudinal spherical aberration and the distance FH 
as the transverse spherical aberration. Deduce a formula which re- 
lates the magnitudes of these aberrations to æ and to the radius of 
the spherical mirror. 

15.10. A concave spherical mirror with an aperture diameter of 

40 cm has a radius of curvature of 60 cm. Find the longitudinal and 
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transverse spherical aberrations of the edge rays parallel to the prin- 
cipal axis. 

15.11. A concave spherical mirror has a focal length of 20 cm. At 
what maximum distance h from the optical axis should an object be 
placed so that the longitudinal spherical aberration does not exceed 
2% of the focal length? 

15.12. A ray of light falls at an angle of 30° onto a plane-parallel 
glass plate and leaves it parallel to the initial ray. The refractive 
index of the glass is 1.5. What is the thickness d of the plate if the 
distance between the rays is 1.94 cm? 

15.13. A ray of light falls onto a plane-parallel glass plate 1 cm 
thick at an angle of 60°. The refractive index of the glass is 1.73. 
Some of the light is reflected and the rest, being refracted, passes 
into the glass, is reflected from the bottom of the plate, refracted 
a second time and emerges back into the air parallel to the first reflec- 
ted ray. Determine the distance / between the rays. 

15.14. A ray of light falls at an angle i onto a body with a refractive 
index of n. What should the relationship between i and n be for the 
reflected ray to be perpendicular to the refracted one? 

15.15. The refractive index of glass is 1.52. Find the limit angles 
of total internal reflection for the surfaces of separation: (1) glass-air, 
(2) water-air, (3) glass-water. 

15.16. In what direction does a person who dived into water see 
the setting Sun? 

15.17. A ray of light emerges from turpentine into air. The limit 
angle of total internal reflection for this ray is 42°23’. What is the 
propagation velocity of light in turpentine? 

15.18. A glass plate is placed on a glass filled with water. At what 
angle should a ray of light fall onto the plate for total internal re- 
flection to occur from the surface of separation between the water 
and the glass? The refractive index of the glass is 1.5. 

15.19. A point source of light is placed on the bottom of a vessel 
filled with water to a height of 10 cm. A circular opaque plate so 
floats on the surface of the water that its centre is above the source 
of light. What should the minimum radius of this plate be to prevent 
all the rays from emerging through the water surface? 

15.20. When white light impinges onto a.glass plate at an angle 
of 45°, the following angles of refraction are obtained for rays of diffe- 
rent wavelengths: 


à, À 7,50] 6,870 | 5,890 | 4,860 | 3,970 





r 





zer | 23°57’ | 23°47” | 23°27' | 22°57' 
AAA AAA A 
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Plot a diagram showing how the refractive index of the plate ma- 
terial depends on the wavelength. 

15.21. The refractive indices of a certain grade of glass for red and 
violet rays are equal to 1.51 and 1.53, respectively. Find the limit 
angles of total internal reflection when these rays impinge upon the 
glass-air boundary. 

15.22. What will occur when a white ray falls at an angle of 41° 
upon the glass-air boundary if the glass of the previous problem is 
taken for the experiment? (Use the results of the solution of the 
previous problem.) 

15.23. A monochromatic ray falls normally onto the side surface 
of a prism whose refraction angle is 40°. The refractive index of the 
prism material is 1.5 for this ray. Find the deflection of the ray from 
the initial position when it leaves the prism. 

15.24. A monochromatic ray falls normally onto the side surface 
of a prism and leaves it deflected by 25°. The refractive index of the 
prism material is 1.7 for this ray. Find the angle of refraction of the 
prism. 

15.25. The refraction angle of an isosceles prism is 10°. A mono- 
chromatic ray falls onto a side face at an angle of 10°. Find the angle 
of deflection of the ray from the initial direction if the refractive index 
of the prism material is 1.6. 

15.26. The refractive index of the material of a prism is 1.6 for a 
certain monochromatic ray. What should the maximum angle of 
incidence of this ray onto the prism be so that no total internal re- 
flection occurs when the ray leaves the prism? The angle of refraction 
of the prism is 45°. 

15.27. A beam of light slides along a side face of an isosceles prism. 
At what maximum refractive angle of the prism will the refracted 
rays be subjected to total internal reflection on the second side face? 
The refractive index of the prism material for these rays is 1.6. 

15.28. A monochromatic ray enters through a face of a rectangular 
isosceles prism and is subjected to total internal reflection from the 
face corresponding to the hypotenuse and emerges through the face 
corresponding to the second leg. What should the minimum angle of 
incidence of the ray onto the prism be for total internal reflection to con- 
tinue if the refractive index of the prism material for this ray is 1.5? 

15.29. A monochromatic ray falls onto the side surface of an isos- 
celes prism, and after refraction travels parallel to its base. When 
the ray emerges from the prism, it is deflected by an angle 6 from its 
initial direction. Determine the relationship between the refraction 
angle of the prism y, the deflection of the ray ô and the refractive 
index n for this ray. 

15.30. A ray of white light falls onto the side surface of an isos- 
celes prism at such an angle that the red rayNeaves the prism perpen- 
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dicular to the second face. Find the deflection of the red and violet 
rays from the initial direction if the refraction angle of the prism is 
45°. The refractive indices of the prism material for red and violet 
rays are 1.37 and 1.42, respectively. 

15.31. Find the principal focal length of a quartz lens for the ul- 
traviolet line of the mercury spectrum (A=2.59x10-? m) if the 
principal focal length for the yellow line of sodium (4=5.89 x 10-7 m) 
is 16 cm and the refractive indices of quartz for these wavelengths 
are 1.504 and 1.458, respectively. 

15.32. Find the focal length of: (1) a double-convex lens with 
R,=15 cm and R,=—25 cm, (2) a planoconvex lens with R,= 
=15 cm and R,=00, (3) a concavo-convex lens (positive meni- 
scus) with R,=15cm and R¿=25 cm, (4) a double-concave lens with 
R,=—15 cm and R,=25 cm, (5) a planoconcave lens with R,=oo, 
R,=—15 cm, (6) a convexo-concave lens (negative meniscus) with 
Me cm, R,=15 cm. The refractive index of the lens material 
n= 1.5. 

15.33. Two glasses with refractive indices of 1.5 and 1.7 are used 
to make two identical double-convex lenses. (1) Find the ratio between 
their focal lengths. (2) How will each of these lenses act on a ray 
parallel to its optical axis if the lenses are submerged into a transpa- 
rent liquid with a refractive index of 1.6? 

15.34. The radii of curvature of the surfaces of a double-convex 
lens are R,=R,=50 cm. The refractive index of the lens material 
n=1.5. Find the optical power of the lens. 

15.35. An object 2 cm high is placed at right angles to the optical 
axis 15 cm away from a double-convex lens having an optical power 
of 10 diopters. Find the position and height of the image. Make 
a drawing. 

15.36. Prove that the principal focuses coincide with the centres 
of curvature in a double-convex lens with equal radii of curvature 
and with the refractive index n=1.5. 

15.37. A lens with a focal length of 16 cm produces a sharp image 
of an object in two positions which are 60 cm apart. Find the distance 
from the object to the screen. 

15.38. A double-convex lens limited by spherical surfaces having 
the same radius of curvature of 12 cm is placed at such a distance 
from the object that the image on a screen is k times greater than the 
object. Determine the distance from the object to the screen if: (1) k= 
Sa (2) -~ and (3) k=0.2. The refractive index of the lens mate- 
rial is 1.5. 

15.39. The lens of the previous problem is submerged in water. 
Find its focal length. , 

15.40. Solve the previous problem if the lens is submerged in carbon 
bisulphide. 
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15.41. Find the focal length of a lens submerged in water if its 
focal length in air is 20 cm. The refractive index of the glass which 
the lens is made of is 1.6. 

15.42. A planoconvex lens with a radius of curvature of 30 cm and 
a refractive index of 1.5 produces a real image of an object with a mag- 
nification equal to.2. Find the distances from the object and the image 
to the lens. Make a drawing. 

15.43. Find the longitudinal chromatic aberration of a double- 
convex lens made of flint and having the same radii of curvature 
|R,|=|R.|=8 cm. The refractive indices of the flint for red (A,= 
=7.6X 1075 cm) and violet (A.=4.3 10~*® cm) rays are equal to 1.5 
and 1.8, respectively. 

15.44. A luminescent point is on the optical axis at a distance of 
40 cm in front of the lens of the previous problem. Find the position 
of the image of this point if it emits monochromatic light with a wave- 
length of: (1) 4,=7.6X 1075 em, and (2) 4¿=4.3Xx 1075 cm. 

15.45. A flat mirror is arranged in the focal plane of a double- 
convex lens. An object is placed in front of the lens between the focus 
and the double focal length. Construct an image of the object. 

15.46. Find the magnification produced by a magnifying glass with 
a focal length oí 2 cm: (1) for a normal eye with the best viewing dis- 
tance of 25 cm, and (2) for a short-sighted eye with the best viewing 
distance of 15 cm. 

15.47. What should the radii of curvature of the surfaces limi- 
ting a magnifying glass (|Ri|=|R.|) be for it to give a magnifica- 
tion of k=10 for a normal eye? The refractive index of the glass is 
n=1.5. 

15.48. A telescope with a focal length of 50 cm is adjusted to infi- 
nity. When the eyepiece of the telescope is moved over a certain dis- 
tance, all objects at a distance of 50 m from the objective become 
clearly visible. What distance was the eyepiece moved over during 
adjustment? 

15.49. A microscope consists oí an objective with a focal length 
oí 2 mm and an eyepiece with a focal length of 40 mm. The distance 
between the focuses of the objective and the eyepiece is 18 cm. Find 
the magnification of the microscope. 

15.50. A picture with an area of 2x2 m is photographed with a 
camera from a distance of 4.5 m. The image obtained is 5X5 cm in 
size. What is the focal length of the camera lens? Assume the distance 
om we picture to the lens to be great as compared with the focal 
ength. 

15.51. A telescope has an objective with a focal length of 150 cm 
and an eyepiece with a focal length of 10 cm. At what viewing angle 
can the full Moon be observed through this telescope if it can be seen 
at an angle of 31’ by a naked eye? 
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15.52. The image of the Sun is projected onto a screen with the aid 
of a double-convex lens having a diameter oí D=9 em and a focal 
length of F=50 cm. (1) What will the image of the Sun be in size if 
its angular diameter is 32’? (2) How many times will the illumination 
produced by the Sun's image be greater than that coming directly 
from the Sun? 

15.53. Light from a 200-cd electric lamp falls at an angle of 45° on 
a workplace and its illumination is 141 Ix. Find: (1) the distance 
between the workplace and the lamp, (2) the height of the lamp above 
the workplace. 

15.54. A lamp suspended from a ceiling produces a luminous in- 
tensity of 60 cd in a horizontal direction. What luminous fiux falls 
on a picture 0.5 m? in area hanging vertically on a wall 2 m away 
from the lamp if a large mirror is on the opposite wall at a distance 
of 2 m from the lamp? 

15.55. A large drawing is first photographed completely and then 
in parts of full size. How much must the exposure be increased when 
photographing the separate parts? 

15.56. On March 21, the day of vernal equinox, on Severnaya Zem- 
lya the Sun is at an angle of 10° to the horizon at noon. How many 
times will the illumination of an area placed vertically be greater 
than that of a horizontal one? 

15.57. At noon during the vernal and autumnal equinox the Sun 
on the equator is at the zenith. How many times is the illumination of 
the Earth on the equator greater than at a latitude of 60°? 

15.58. A lamp hangs in the centre of a square room 25 m? in area. 
Considering the lamp to be a point source of light, find the height 
from the floor which the lamp should be at to obtain the maximum 
illumination in tne corners of the room. 

15.59. A 100-cd lamp hangs above the centre of a round table 2 m 
in diameter. Considering the lamp to be a point source of light, calcu- 
late the change in the illumination of the edge of the table when the 
lamp is gradually raised from h=0.5 to A=0.9 m for 10-cm intervals. 
Plot a diagram E=f(h). 

15.60. A desk lamp with one bulb is in the centre of a round table 
1.2 m in diameter. The distance from the bulb to the surface of the 
table is 40 cm. A chandelier with four of the same bulbs as in the desk 
lamp hangs above the centre of the table at 2 m from its surface. 
When will the edge of the table be illuminated better (and how many 
times) — when only the desk lamp or only the chandelier is burning? 

15.61. An object being photographed is illuminated by an electric 
lamp placed 2 m from it. How many times should the exposure be 
increased if the lamp is moved to 3 m from the object? 

15.62. Find the illumination on the Earth’s surface due to normally 
incident sun rays. The luminance of the Sun is 1.2x 10° nt. 
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15.63. The filament of a 100-cd electric lamp is enclosed in a frosted 
spherical bulb with a diameter of (1) 5 cm, and (2) 10 cm. Find the 
luminous emittance and the luminance of the lamp in both cases. 
Disregard the loss of light in the shell of the bulb. 

15.64. A lamp in which the luminous body is an incandescent ball 
3 mm in diameter produces a luminous intensity of 85 cd. Find the 
luminance of this lamp if its spherical bulb is made of (1) transparent 
glass, (2) frosted glass. The diameter of the bulb, is 6 cm. 

15.65. What illumination does the lamp of the previous problem 
produce at a distance of 5 m with normal light incidence? 

15.66. A luminous flux of 120 Im impinges normally onto the sur- 
face of a sheet of white paper 20 x 30 cm in size. Find the illumination, 
luminous emittance and luminance of the sheet of paper if its diffusion 
coefficient p=0.75. 

15.67. What should the illumination of the sheet of paper of the 
previous problem be for its luminance to be 10* nt? 

15.68. A sheet of paper 10x30 cm in size is illuminated by a 100-cd 
lamp and receives 0.5 per cent of all the light emitted by the lamp. 
Find the illumination of this paper. 

15.69. A 100-cd electric lamp sends in all directions 122 J of light 
energy a minute. Find (1) the mechanical equivalent of light, (2) the 
luminous efficiency if the lamp consumes 100 W. 


16. Wave Optics 


According to Doppler’s principle, the frequency v’ of light as per- 
ceived by a recording device is related to the frequency v emitted by 
the light source by the expression 


-4 
v =v 5 
1+% 


where v = velocity of the recording device relative to the source 

c = velocity of light propagation. 
When the light source is moving away, v is positive. If u<c, the previ- 
ous formula may be written approximately as 








væv 





1+2 


The distance between the interference bands on a screen parallel 
to two coherent sources of light is PA to 
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where A = wavelength of light 
L = distance from the screen to the light sources, which are 
at a distance d from each other; here L>d. 
The result of light interference in plane-parallel plates (in transmit- 
ted light) can be determined from the formulas: 
amplification of light 


Qhncosr=2k* (k=0, 1, 2, ...) 
attenuation of light 
Qhncosr=(2k+1)% (k=0, 1, 2 ...) 


where h = thickness of the plate 
n = index of refraction 
r = angle of refraction 
à = wavelength of light. 
In reflected light, the conditions of amplification and attenuation 
are reverse to those in transmitted light. 
The radii of Newton’s bright rings (in transmitted light) are deter- 
mined from the formula 


fo =VERA (k=1, 2, ...) 


and those of the dark rings from the formu!a 


ra= VV (2R—IRE (k=1, 2 ...) 


where R is the radius of curvature of the lens. 
In reflected light, the arrangement of the bright and dark rings is 
reverse to that in transmitted light. 
The position of the illumination minima with slit diffraction and 
p normally incident beam of parallel rays can be found from the con- 
ition 
asing=+kaA (k=1, 2, 3, ...) 


where a = width of slit 
p = diffraction angle 
A = wavelength of incident light. 

The maxima of light are observed in a diffraction grating in the di- 
rections forming an angle @ with the normal to the grating, which 
satisfies the following equation (if light is normally incident on the 
grating): 


dsing=+ka (k=0, 1, 2, ...) 
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where d = grating constant 
ọ = diffraction angle 
A = wavelength 
k = order of spectrum. 


The grating constant or period d= SE , where N, is the number of 


slits in the grating per unit of length. 
i The resolving power of a diffraction grating is determined from the 
ormula 


A 
Tr TEN 


where N = total number of slits in the grating 
k = order of spectrum 
4 and A+AA = wavelengths of two close spectral lines that are still 
resolved by the grating. 
The angular dispersion of a diffraction grating is 


ai. 
=a 


The linear dispersion of a diffraction grating is a quantity numeri- 
cally equal to 


D 1 FD 
where F is the focal length of the lens which projects the spectrum onto 
the screen. 


When natural light is reflected from a dielectric mirror, the Fresnel 
formulas can be applied, namely, 


[,=0.51, o] 


sin (i++1) 
and 
tan (i—r) ]2 
I, =0.51, E 4 
where /, = intensity of the light oscillations in a reflected ray oc- 


curring in a direction perpendicular to the plane of 
light incidence 
ditto in a direction parallel! to the plane of light incidence 
o = intensity of incident natural light 
i = angle of incidence 
r = angle of refraction. 
If i+r=90°, then /,=0. In this case the angle of incidence i and 
the refractive index n of a dielectric mirror are related by the equation 
tan i=n (Brewster’s law). 


ly 


to tl 
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The intensity of light transmitted through a polarizer and an ana- 
lyzer is equal to (Malus' law) 


[=I,cos*p 


where q = angle between the basic planes of the polarizer and the 
analyzer 
I,= intensity of the light transmitted through the polarizer. 

16.1. It was found in photographing the Sun’s spectrum that the 
yellow spectral line (A=5,890 A) in the spectra obtained from the 
left and right edges of the Sun is displaced by 0.08A. Find the linear 
velocity of rotation of the solar disk. 

16.2. What difference of potentials was applied between the ele- 
ctrodes of a helium discharge tube if during observation along a beam 
of a-particles the maximum Doppler displacement AA of the helium 
line (A=4,922A) was 8A? 

16.3. It has been found in photographing the spectrum of the star 
e Andromedae that the titanium line (A=4.954 x 10-5 cm) is displaced 
towards the violet end by 1.7A. How is the star moving with respect 
to the Earth? 

16.4. How many times will the distance between adjacent inter- 
ference bands increase on the screen in Young’s experiment if a red 
light filter (A=6.5X 1078 cm) is used instead of a green one (A=5xX 
Xx 107% cm)? 

16.5. In Young's experiment the holes were illuminated with mo- 
nochromatic light having a wavelength of A=6x10-® cm. The dis- 
tance between the holes is 1 mm and from the holes to the screen 3 m. 
Find the position of the first three light bands. 

16.6. In an experiment with Fresnel’s mirrors the distance between 
the virtual images of a light source is 0.5 mm and the distance to a 
screen is 5 m. Interference bands in green light were obtained at a di- 
stance of 5 mm from each other. Find the wavelength of the green light. 

16.7. In Young’s experiment a thin glass plate is placed in the path 
of one of the interfering rays. This causes the central light band to 
shift into a position which was initially occupied by the fifth light 
band (not counting the central one). The ray falls onto the plate per- 
pendicularly. The refractive index of the plate is 1.5. The wavelength 
is 6X 10-7 m. What is the thickness of the plate? 

16.8. In Young’s experiment a steel plate 2 cm thick is placed in the 
path of one of the interfering rays perpendicular to the ray. How much 
can the refractive indices differ from each other at various spots on 
the plate for the change in the path difference due to this heterogeneity 
not to exceed | micron? 

16.9. White light falls at an angle of 45° onto a soap film (n=1.33). 
At what minimum thickness of the film will the reflected rays be co- 
loured yellow (1=6x 107* cm)? 
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16.10. A vertical soap film forms a wedge due to the liquid trickling 
down. By observing the interference bands in the reflected light of 
a mercury arc (1=5,461 A), we find that the distance between five 
bands is 2 cm. Find the wedge angle in seconds. The light falls at right 
angles to the film surface. The refractive index of the soapy water is 1.33. 

16.11. A vertical soap film forms a wedge. Interference is observed 
in reflected light through a red glass (A=6.31 X 10-5 cm). The distance 
between adjacent red bands is 3 mm. Then the same film is observed 
through a dark blue glass (A=4xXx 10-* cm). Find the distance between 
adjacent dark blue bands. Assume that the shape of the film does not 
change and the light falls onto the film normally. 

16.12. A beam of light (A=5.82x 10-7 m) falls normally onto a 
glass wedge. The wedge angle is 20”. What is the number of dark in- 
terference bands per unit of wedge length? The refractive index of the 
glass is 1.5. 

16.13. A plant used to produce Newton’s rings is illuminated by 
monochromatic light. Observations are done in reflected light. The 
radii of two adjacent dark rings are 4.0 mm and 4.38 mm, respectively. 
The radius of curvature of the lens is 6.4 m. Find the ordinal numbers 
of the rings and the wavelength of the incident light. 

16.14. Newton’s rings are formed between a flat glass and a lens with 
a radius of curvature of 8.6 m. Monochromatic light falls normally. 
It has been four.d by measurement that the diameter of the fourth dark 
ring (assuming the central dark spot as the zero ring) is equal to 9 mm. 
Find the wavelength of the incident light. 

16.15. A plant for producing Newton’s rings is illuminated by nor- 
mally incident white light. Find: (1) the radius of the fourth dark-blue 
ting (A,=4 10-5 cm), and (2) the radius of the third red ring (A,= 
=6.3x 10-5 cm). The observations are made in transmitted light. 
The radius of curvature of the lens is 5 m. 

16.16. The distance between the fifth and the twenty-fifth Newton’s 
bright rings is 9 mm. The radius of curvature of the lens is 15 m. Find 
the wavelength of monochromatic light normally incident onto the 
plant. The observation is made in transmitted light. 

16.17. Find the distance between the third and sixteenth Newton’s 
dark rings if the distance between the second and the twentieth dark 
rings is equal to 4.8 mm. The observation is made in reflected light. 

16.18. A plant for producing Newton’s rings is illuminated by nor- 
mally incident light of a mercury arc. The observation is made in 
transmitted light. What bright ring, (counting from the beginning) 
corresponding to the line A4,=5,79! A coincides with the next bright 
ring which corresponds to the line 4,=5,770 A? 

16.19. The space between the lens and the glass platein a plant 
used to observe Newton’s rings is filled with liquid. Find the refrac- 
tive index of the liquid if the radius of the third bright ring is equal 
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to 3.65 mm. The observation is made in transmitted light. The radius 
of curvature of the lens is 10 m. The wavelength of light is 5.89x 
x10-* cm. 

16.20. A plant used to observe Newton's rings is illuminated by 
normally incident monochromatic light with a wavelength of 0.6 p. 
Find the thickness of the air layer between the lens and the glass plate 
where the fourth dark ring is observed in reflected light. 

16.21. A plant used to observe Newton's rings in reflected light is 
illuminated by normally incident monochromatic light with 7=5~x 
x 10? A. The space between the lens and the glass plate is filled with 
water. Find the thickness of the water layer between the lens and the 
glass plate where the third bright ring is observed. 

16.22. A plant used to observe Newton’s rings in reflected light is 
illuminated by normally incident monochromatic light. After the space 
between the lens and the glass plate is filled with liquid, the radii of 
the dark rings diminished to 0.8 of the original ones. Find the reflective 
index of the liquid. 

16.23. In an experiment with a Michelson interferometer, the mirror 
had to be shifted over a distance of 0.161 mm to displace the interfe- 
rence pattern by 500 bands. Find the wavelength of the incident light. 

16.24. An evacuated tube with a length of /=14 cm is placed into 
one of the arms of a Michelson interferometer to measure the refrac- 
tive index of ammonia. The ends of the tube are 
shut with plane-parallel glasses. When the tube 
is filled with ammonia, the interference pattern 
for the wavelength A=0.59 p is displaced by 180 
bands. Find the refractive index of ammonia. 

16.25. An evacuated tube 10 cm long is placed 
in the way of one of the rays issuing from a Jamin 
interferometer (Fig. 63). When the tube is filled 
with chlorine, the interference pattern is dis- 
placed by 131 bands. In this experiment, the Fig. 63 
wavelength of monochromatic light is 5.9X 107° cm. Find the re- 
fractive index of chlorine. 

16.26. A beam of white light falls at right angles onto a glass plate 
with a thickness of d=0.4 w. The refractive index of the glass n=1.5. 
What wavelengths lying within the limits of the visible spectrum (from 
4x 10~* to 7X 10~* mm) are amplified in the reflected beam? __ 

16.27. A thin film with a refractive index of n,=1.2 (a coating 
film) is applied to the surface of a lens (n,=1.5). At what minimum 
thickness of this film will the reflected light be attenuated most in the 
middle of the visible spectrum? . 

16.28. Light from a monochromatic source (4==0.6 p) falls at right 
angles onto a diaphragm with a round hole. The diameter of the hole 
is 6 mm. A screen is placed behind the diaphragm 3 m away from it. 
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(1) How many Fresnel zones can be accommodated in the diaphragm 
hole? (2) Will the centre of the diffraction pattern be dark or bright 
on the screen? 

16.29. Calculate the radii of the first five Fresnel zones if the dis- 
tance from the source of light to the wave surface is 1 m, the distance 
from the wave surface to the point of observation is also 1 m, and A= 
=5x 1077 m. 

16.30. Calculate the radii of the first five Fresnel zones for a plane 
wave. The distance from the wave surface to the point of observation 
is | m. The wavelength A=5x 10-7 m. 

16.31. A diffraction pattern is observed at a distance of / from a 
point source of monochromatic light (A=6x 10-* cm). A circular opa- 
que barrier 1 cm in diameter is placed at a distance of 0.5/ from the 
source. What will the distance / be if the barrier closes only the Fresnel 
central zone? 

16.32. A diffraction pattern is observed at a distance of 4 m from 
a point source of monochromatic light (A=5x 10-? m). A diaphragm 
with a round aperture is placed halfway between the screen and the 
source of light. At what radius of the aperture will the centre of the 
diffraction rings observed on the screen be the darkest? 

16.33. A parallel beam of monochromatic light (A=6x 10-7 m) 
falls normally onto a diaphragm with a round aperture. A diffraction 
pattern is observed on the screen. At what maximum distance between 
the diaphragm and the screen will a dark spot still be observed at the 
centre of the diffraction pattern? The aperture diameter is 1.96 mm. 

16.34. A parailel beam of monochromatic light with a wavelength 
of A=5,890 A falls normally onto a slit 2 p wide. Find the angles in 
whose direction the minima of light will be observed. 

16.35. A parallel beam of monochromatic light with a wavelength 
of 4=5x 10-5 cm falls normally onto a slit 2x 10-3 cm wide. Find 
the width of the slit image on a screen removed by /=1 m from the 
slit. Take the width of the image to be the distance between the first 
diffraction minima located at both sides of the principal maximum of 
illumination, 

16.36. A parallel beam of monochromatic light with a wavelength 
of A falls normally onto a slit. The width of the slit is 64. At what angle 
will the third diffraction minimum of light be observed? 

16.37. What is the constant of a diffraction grating if a telescope 
is set at an angle of 30° to the collimator axis to see a red line (A=7 Xx 
x 1077 m) in the second-order spectrum? What number of lines are 
there on 1 cm of the grating length? The light falls normally onto the 
grating. 

16.38. How many lines are there on | mm of a diffraction grating 
if a green line of mercury (A=5,461 A) is observed in the first-order 
spectrum at an angle of 19°8’? N 
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16.39. A beam of light falls normally onto a difiraction grating. 
The diffraction angle for the sodium line (A=5,890 A) in the first-order 
spectrum was found to equal 17° 8’. A certain line produces a diffrac- 
tion angle of 24° 12’ in the second-order spectrum. Find the wavelength 
of this line and the number of lines per millimetre of the grating. 

16.40. A beam of light from a discharge tube falls normally onto a 
diffraction grating. What should the constant of the diffraction gra- 
ting be for the maxima of the two lines 4,=6,563 A and A,.=4,102 A 
to coincide in the direction p=41°? 

16.41. A beam of light falls normally onto a diffraction grating. 
When a goniometer is turned through an angle of 9, the line A=4.4x 
x 1074 mm in the third-order spectrum appears in the field of vision. 
-Will any other spectral lines corresponding to the wavelengths with- 
in the visible spectrum (from 4x 107* to 7x 10~* mm) be seen at the 
same angle q? 

16.42. A beam of light from a discharge tube filled with helium 
falls normally onto a diffraction grating. Onto what line in the third- 
order spectrum will the red line of helium (A=6.7 x 1075 cm) of the 
second-order spectrum be superimposed? 

16.43. Light from a discharge tube filled with helium falls normally 
onto a diffraction grating. First a telescope is adjusted to see the violet 
lines (A=3.89 x 10~* cm) at both sides of the central band in the first- 
order spectrum. The readings on the dial to the right from zero are 
27°33’ and 36° 27’, respectively. Then the telescope is adjusted to the 
red lines at both sides of the central band in the first-order spectrum. 
The readings on the dial to the right from zero show 23° 54’ and 40°6’. 
Find the wavelength of the red line of the helium spectrum. 

16.44. Find the maximum order of a spectrum for the yellow line 
of sodium 4=5,890 A if the constant of the diffraction grating is 2 p. 

16.45. A beam of monochromatic light falls normally onto a diffrac- 
tion grating. A maximum of the third order is observed at an angle 
of 36° 48’ to the normal. Find the constant of the grating expressed 
in the wavelengths of the incident light. 

16.46. How many maxima are produced by the diffraction grating 
of the previous problem? 

16.47. The telescope of a goniometer with a diffraction grating is 
placed at an angle of 20° to a collimator axis, and the red line of the 
helium spectrum (4,=6,680 A) is visible in its field of vision. What is 
the constant of the diffraction grating if a dark-blue line (Ag=4,470 A) 
of a higher order can be seen at the same angle? The maximum order 
of a spectrum which can be observed with this grating is 5. The light 
falls upon the grating normally. 

16.48. What is the constant of a diffraction grating if it can resolve 
in the first order the lines of the potassium spectrum 4,=4,044 A and 
4,=4,047 A? The grating is 3 cm wide. 


14--3574 
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16.49. What is the constant of a diffraction grating 2.5 cm wide 
for the sodiurn doublet 4,=5,890 A and A,=5,896 A to be resolved in 
the first order? 

16.50. The constant of a diffraction grating 2.5 cm wide is 2 p. 
What wavelength difference can be resolved by this grating in the re- 
gion. of the yellow rays (A=6x10-* cm) in a second-order spect- 
rum: 

16.51. Determine the angular dispersion of a diffraction grating 
for 4=5,890 A in a first-order spectrum. The grating constant is 2.5 x 
x 107% cm. : 

16.52. The angular dispersion of a diffraction grating for A=6,680 A 
in a first-order spectrum is 2.02X 10% rad/m. Find the period of the 
diffraction grating. F 

16.53. Find the linear dispersion (mm/A) of the diffraction grating 
of the previous problem if the focal length of the lens which projects 
the spectrum onto a screen is 40 cm. 

16.54. At what distance from each other will two lines of a mercury 
arc (A,=5,770 A and A,=5,791 A) be arranged on a screen in a first- 
order spectrum obtained by means of a diffraction grating with the 
period 2X 1071 cm? The focal length of the lens projecting the spect- 
rum onto the screen is 0.6 m. 

16.55. A beam of light falls normally onto a diffraction grating. 
A red line (A=6,300 A) is visible in the third-order spectrum at an 
angle of p=60°. (1) What spectral line is visible at the same angle in 
the fourth-order spectrum? (2) What number of lines are there on the 
diffraction grating per mm of length? (3) What is the angular disper- 
sion of this grating for the line A=6,300 A in the third-order spect- 
rum? 

16.56. For what wavelength does a diffraction grating with the 
constant d=5 p have an angular dispersion of D=6.3X 10° rad/m in 
the third-order spectrum? 

16.57. Find the focal length of a lens which so projects onto a screen 
a spectrum obtained with the aid of a diffraction grating that the dis- 
tance between two potassium lines 4,044 A and 4,047 A is 0.1 mm in 
the first-order spectrum. The constant of the diffraction grating is 
2 p. 
16.58. Determine the angle of complete polarization when light is 
reflected from glass with a refractive index of 1.57. 

16.59. The limit angle of total internal reflection for a certain 
substance is 45°. What is the angle of complete polarization for this 
substance? 

16.60. At what angle to the horizon should the Sun be for its rays 
reflected from the surface of a lake to be polarized the most completely? 

16.61. What is the refractive index of glass if a beam reflected from 
it is completely polarized at an angle of refraction of 30°? 
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16.62. A beam of light passes through a liquid poured into a glass 
(n=1.5) vessel and is reflected from the bottom. The reflected beam 
is completely polarized when it falls onto the bottom of the vessel at 
an angle of 42°37’. Find: (1) the refractive index of the liquid, 
(2) the angle at which a beam of light passing in this liquid should 
fall onto the bottom of the vessel to obtain total internal reflection. 

16.63. A beam of plane-polarized light whose wavelength is 5,890 A 
in vacuum falls onto a plate of Iceland spar at right angles to its 
optical axis. Find the wavelengths of an ordinary and an extraordinary 
rays in the crystal if the refractive indices of Iceland spar for an 
ordinary and an extraordinary rays are n,=1.66 and 1,=1.49, 
respectively. 

16.64. What is the angle between the principal planes of a polarizer 
and an analyzer if the intensity of natural light after passing through 
the polarizer and the analyzer reduces to one-fourth of the original 
value? Disregard the absorption of the light. 

16.65. Natural light passes through a polarizer and an analyzer so 
placed that the angle between their principal planes isa. Both the 
polarizer and the analyzer absorb and reflect 8 per cent of the incident 
light. It was found that the intensity of the beam issuing from the 
analyzer is 9 per cent of that of the natural light falling onto the po- 
larizer. Find the angle a. 

16.66. Determine the reflection factor of natural light falling upon 
glass (n=1.54) at the angle of complete polarization. Find the degree 
of polarization of the rays that have passed into the glass. Disregard 
the absorption of the light. 

16.67. A ray of natural light passes through a plane-parallel glass 
plate (n=1.54) falling on it at the angle of complete polarization. 
Find the degree of polarization of the rays that passed through the 
plate. 

16.68. Determine: (1) the reflection factor and the degree of polari- 
zation of the reflected rays when natural light falls upon glass (n=1.5) 
at an angle of 45°, (2) the degree of polarization of the refracted rays. 


17. Elements of the Theory of Relativity 


The length /’ of a body moving with the velocity v with respect to 
a certain reference system is related to the length /, of a body immobile 
in this system by the expression 


P=1,V1—=P? 


where B= Z; and c is the velocity of propagation of light. 


The time interval At’ in a system moving with the velocity v with 
respect to an observer is related to the time interval At. in a system 


14* 
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immobile with respect to the observer by the ratio 


At 
Av’ = 0 
y =p 


The mass m of a body depends on the velocity of its motion accor- 
ding to the equation 








my 
V1—p 





where m, is the rest mass of this body. 
The kinetic energy of a body is related to the velocity by the equation 


Ey= met (a= —!) 


The change in the mass of a system by Am corresponds to a change 
in the energy of the system by 


AE=c?Am 


17.1. At what relative velocity of motion will the relativistic con- 
traction in the length of a moving body be 25 per cent? 

17.2. What should the velocity of a moving body be for its longitu- 
dinal dimensions to be halved? 

17.3. The mesons of cosmic rays reach the Earth with various velo- 
cities. Find the relativistic contraction in the dimensions of a meson 
having a velocity equal to 95 per cent of the velocity of light. 

17.4. How many times will the life of an unstable particle (as shown 
by the watch of a stationary observer) increase if the particle begins lo 
move with a velocity equal to 99 per cent of that of light? 

17.5. A meson in cosmic rays travels with a velocity equal to 95 
per cent of that of light. What time interval on the watch of an ob- 
server on Earth corresponds to one second of the intrinsic time of the 
meson? 

17.6. How much will the mass of ana-particle increase when it is ac- 
celerated from its initial velocity equal to zero to a velocity equal to 
0.9 of that of light? 

17.7. Find the relationship between the charge of an electron and 
its mass for the following velocities: (1) v&c, (2) 2x 10° cm/s, (3) 
2.2 10° cm/s, (4) 2.4 x 107° cm/s, (5) 2.6 101° cm/s, (6) 2.8 x 10!° cm/s. 


Compile a table and draw a diagram showing how m and = depend on 


the ratio < for these velocities. 


17.8. At what velocity is the mass of a moving electron double its 
rest mass? \ 
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17.9. What energy can particles be accelerated to in a cyclotron 
for the relative increase in the mass of the particles not to exceed 5 per 
cent? Solve the problem for (1) electrons, (2) protons, (3) deute- 
rons. 

17.10. What accelerating difference of potentiais must an electron 
e TOU for its velocity to become equal to 95 per cent of that 
of light? 

17.11. What accelerating difference of potentials must a proton 
travel through for its longitudinal dimensions to become half the ini- 
tial ones? 

17.12. Find the velocity of a meson if its total energy is 10 times 
greater than its rest energy. 

17.13. What part of the velocity of light should the velocity of a 
particle be for its kinetic energy to equal the rest energy? 

17.14. A proton synchrotron produces a beam of protons with a ki- 
netic energy of 10,000 MeV. What part of the velocity of light does the 
velocity of the protons in this beam form? 

17.15. What is the relativistic contraction in the dimensions of 
a proton in the conditions of the previous problem? 

17.16. Electrons flying out of a cyclotron have a kinetic energy of 
0.67 MeV. What part of the velocity of light does the velocity of these 
electrons form? 

17.17. Compile for electrons and protons a table showing how their 
kinetic energy E, depends on the velocity (in fractions’ of the velocity 
of light) for the following values of B: (1) 0.1, (2) 0.5, (3) 0.6, (4) 0.7, 
(5) 0.8, (6) 0.9, (7) 0.95, and (8) 0.999. 

17.18. The mass of a moving electron is double its rest mass. Find 
the kinetic energy of this electron. 

17.19. What change in mass does a change in energy of one calorie 
correspond to? 

17.20. Find the change in energy which corresponds to a change in 
mass of one atomic unit. 

17.21. Find the change in energy which corresponds to a change in 
mass equal to the rest mass of an electron. 

17.22. Find the loss in mass upon the formation of one kilomole of 
water if the relevant reaction is 


2H,+0,=2H,0+5.75X 10% kJ 


17.23. During the fission of a nucleus of uranium ,,U**, energy 
approximately equal to 200 MeV is released. Find the change in mass 
during the fission of one kilomole of uranium. 

17.24. The Sun radiates energy equal to 6.5 102! kW-h every mi- 
nute. Considering the radiation of the Sun to be constant, find the time 
in which the mass of the Sun will be halved. 
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18. Thermal Radiation 


The emittance (emissive power) of a black body, i. e., the energy 
radiated in 1 second by a unit surface of the body, is determined by the 
Stefan-Boltzmann formula 


M,=oT' 


where T = temperature in degrees Kelvin 
o = Stefan-Boltzmann constant 


o=5.67x107® W/m?-degé 


If a radiating body is not absolutely black, then M¿=*0T*, where 
k is always less than unity. The emittance M, is related to the energy 
density Ma, (emittance in terms of wavelength) of a black body by the 
formula 
M: = Ñ Modk 
0 


According to the Wien displacement law, the product of the absolute 
temperature of a black body and the wavelength at which the energy 
density of the body is maximum is constant, i. e., 


AmaxT =C, =2.9x 107% m-deg 


The maximum energy density of a black body increases in propor- 
tion to the 5th power of the absolute temperature (Wien's second law) 


(Monax = C,T* 


where C,=1.29x 1075 W/m? deg®. 

18.1. Find the temperature of a furnace if 8.28 cal per second is 
radiated from a hole in it 6.1 cm? in size. Consider the radiation close 
to that of a black body. 

18.2. What amount of energy is radiated by the Sun in one minute? 
Consider iis radiation close to that of a black body. The temperature 
of the Sun’s surface is 5800° K. 

18.3. What amount of energy is radiated by one square centimetre 
of solidifying lead per second? The ratio between the emittances 
of the lead surface and a black body is 0.6 for this temperature. 

18.4. The radiant power of a black body is 34 kW. Find the tem- 
perature of the body if its surface is 0.6 m?. 

18.5. A glowing metal surface with an area of 10 cm? radiates 4x 
Xx 10* J per minute. The temperature of the surface is 2500° K. Find: 
(1) the radiation of this surface if it were absolutely black, (2) the 
ratio between the emittances of this surface and of a black body at the 
given temperature. Ks 
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18.6. The diameter of a tungsten filament in an electric lamp is 
0.3 mm and its length is 5 cm. When the lamp is connected to a 127- 
volt circuit, a current of 0.31 A flows through it. Find the temperature of 
the lamp. Assume that after equilibrium is reached all the heat evol- 
ved in the filament is lost due to radiation. The ratio between the emit- 
tances of the tungsten and of a black body is 0.3! at this temperature. 

18.7. The temperature of a tungsten filament in a 25-watt electric 
lamp is 2450°K. The ratio between the emittances of the lamp and 
of a black body is 0.3 at this temperature. Find the magnitude of the 
radiating surface of the filament. 

18.8. Find the solar constant, i. e., the quantity of radiant energy 
sent by the Sun every minute through an area of 1 cm? perpendicular 
to the solar rays and at the same distance from the Sun as the Earth. 
The temperature of the Sun’s surface is 5800° K. Consider the radia- 
tion of the Sun close to that of a black body. 

18.9. Assuming that the atmosphere absorbs 10 per cert of the ra- 
diant energy emitted by the Sun, find the power received from tte Sun 
by a horizontal plot of land with an area of 0.5 ha. The Sun’s altitude 
above the horizon is 30°. Consider the ra- 
diation of the Sun close to that of a black My 
body. 

18.10. Knowing the solar constant for the 
Earth (see Problem 18.8), find it for Mars. 

18.11. Find the quantity of energy ra- 
diated from 1 cm? of a surface in one second 
by a black body if the maximum energy 
density corresponds to a wavelength of 
4,840 A. 

18.12. The radiation power of a black 
body is 10 kW. Find the area of the radia- 
ting surface of the body if the wavelength 
corresponding to the maximum energy 0 1 2 3 4 SA,p 
density is 7X 10~® cm. 

18.13. In what regions of the spect- Fig. 64 
tum do the wavelengths corresponding 
to the maximum energy density lie if the light source is (1) the 
filament of an electric lamp (T=3000° K), (2) the Sun’s surface 
(T=6000° K), and (3) an atomic bomb in which a temperature of 
about 10 million degrees develops at the moment of explosion? Con- 
Sider the radiation close to that of a black body. 

18.14. Figure 64 contains a curve showing the distribution of the 
energy density of a black body at a certain temperature. What tempe- 
tature does this curve relate to? Using Fig. 64, also find the percentage 
of the radiant energy falling to the share of the visible spectrum at 
this temperature. 
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18.15. When a black body is heated, the wavelength corresponding 
to the maximum energy density changes from 0.69 to 0.5 u. How many 
times does the emittance of the body increase in this case? 

18.16. What wavelength does the maximum energy density of a 
black body with the temperature of a human body, i.e., t=37°C 
correspond to? 

18.17. Upon heating, the temperature of a black body changes from 
1000 to 3000° K. (1) How many times does its emittance increase? 
(2) How many times does the wavelength which the maximum energy 
density corresponds to increase? (3) How many times does 
the maximum energy density of the body increase? 

18.18. A black body has a temperature of 7,=2900° K. When the 
body cools, the wavelength which the maximum energy density corres- 
ponds to changes by AA=9 pu What temperature T, is the body cooled 
to? 


, 


18.19. The surface of a body is heated to 1000” K. Next one half 
of this surface is heated by 100° and the other cooled by 100°. How 
many times will the emittance of the body surface change? 

18.20. What power must be supplied to a black metal ball with a ra- 
dius of 2 cm to keep its temperature 27° above the ambient tempera- 
ture, which is 20° C? Assume that heat is lost only as a result of ra- 
diation. 

18.21. A black ball is cooled from 27°C to 20°C. How much will 
the wavelength corresponding to the maximum energy density change? 

18.22. (1) Find how much the mass of the Sun will change during 
a year due to radiation. (2) Assuming the radiation of the Sun to be 
constant, find the time during which its mass wil! be halved. The 
temperature of the Sun’s surface is 5800° K. 


Chapter 6 


ATOMIC AND NUCLEAR PHYSICS 


UNITS OF RADIOACTIVITY AND IONIZING RADIATION 


The basic and some derived units for measuring radioactivity and 
ionizing radiation in conformity with GOST 8848-63 are given in 


Table 17. 





TABLE 17 
i Symbol Dimen- 
Quantity and Formula Unit of Hon al 
unit tity 
Basic Units 
Length l pá metre i I 
Mass m — kilogramme kg m 
Time ¢ — second s t 
Current intensity / = ampere A I 
Derived Units 


Activity of isotope in radio- n= | disintegration per second] d/s t-3 
active source (n) 


Radiation intensity /, l=% watt per square metre W/m? | mt-3 
Absorbed radiation dose Dg D,=Ë joule per kilogramme J/kg | (2-2 
` 

Power of absorbed radiation P,= 98 watt per kilogramme W/kg | Lt- 
dose Pg : 

Exposure dose of X- and gam- D= coulomb per kilogramme | C/kg |m-1t/ 
ma radiation m 

Power of exposure dose of Pe ampere per kilogramme | A/kg | m-1/ 
X- and gamma radiation et 


Note. The definitions of the units for measuring the absorbed radiation dose and the 
exposure dose of X- and gamota radiation are as follows. 

Joule per kilogramme is the absorbed radiation dose measured by an energy of 1 J of 
ionized radiation of any kind transferred to a mass of | kg of the irradiated substance. _ 

Coulomb per kilogramme is the exposure dose of X- and gamma radiation at which a 
conjugated corpuscular emission per kg of dry atmospheric air produces ions in air carrying 
an electric charge of 1 C of each sign. e 
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This standard also permits the use of the non-system units given 
in Table 18. 
TABLE 18 


Unit and conversion factor to SI 
Quantity units 


Activity of isotope in radioactive | 1 curie (c)=3.7X10!° d/s 
source 

Absorbed radiation dose 1 rad= 1073 J/kg 

Exposure dose of X- and gamma radi- | 1 roentgen (r)=2.57976x10~¢ C/kg 
ation 


Note, The unit of the exposure dose of X- and gamma radiation, coulomb per kilog- 
ramme, and also the non-system unit roentgen can be used to measure radiation with a 
quantum energy not exceeding 6x10—1* J (approximately 3 MeV). 


EXAMPLES OF SOLUTIONS 


Example 1. Air in standard conditions is irradiated by X-rays. The 
radiation dose is 1 r. Find the number of ion pairs formed by this ra- 
diation in 1 cm? of the air. 

Solution. The ions produced in the mass m of air by an exposure 
dose D, of X-radiation transfer a charge of 


q=D,m (1) 
The mass m and the volume V of the air are related by the formula 
m=V-Er (2) 


where p = air pressure 
T = air temperature 
t) = mass of one kilomole 
R = gas constant. 
The sought number of ion pairs is 


N=2 (3) 
where e is the charge of each ion. From Eqs. (1), (2) and (3) we have 


__ D.Vpp 
N= ere (a) 
According to the initial condition, D,=1 r=2.58x 10-* C/kg, V= 
=1 cm*=10-* m?, p=760 mm Hg=105% N/m?, »=29 kg/kmole, R= 
= 8.31 x 10° J/kmole-deg, T=273°K and e=1.6x10-¥°C. Upon 
inserting these data into Eq. (4), we get N%=2.1X 10° ion pairs. 
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Example 2. The half-life of an artificially obtained radioactive 
isotope of calcium 2Ca*® is equal to 164 days. Find the activity of 
1 pg of this preparation. 

Solution. The number of atoms of a radioactive substance AN dis- 
integrating during the time Af is determined by the formula | AN |= 


=g? NAt, where T is the half-life of the isotope and N is the 
number of its atoms in the given mass. The number of atoms N is 
related to the mass m of the preparation by the expression N =FN As 


where N, is Avogadro’s number and A is the mass of one kg-atom. 
According to the conditions, T=164 x 24x 3,600 s, m=10-"kg, N,= 
=6.02x 10% 1/kg-atom, A=45 kg/kg-atom. Upon inserting these 


data, we obtain the number of disintegrations per second: =- = 
=6.53 x 10° d/s=1.77 x 10-* c=17.7 me. 


19. Quantum Nature of Light and Wave 
Properties of Particles 


The energy of a quantum of light (photon) is found from the for- 
mula 
e=hv 
where h=6.625 x 10-54 J -s is Planck’s constant, and v is the oscilla- 


tion frequency. 
The momentum of a photon is 


= hy 
Por= y 

and its mass 
hy 


where c is the velocity of light in a vacuum. 

The relationship between the energy of a photon causing the photo- 
emissive effect and the maximum kinetic energy of the emitted elect- 
rons is described by the Einstein formula 

my? 


hv=W += 


where W = work of exit of electron from metal 

m = mass of an electron. . 
If v=0, then hv,=W, where vo is the frequency corresponding to the 
Photoelectric threshold of the photoeffect. 
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The pressure of light is 
E 
p=—(1+0) 


where E = quantity of energy incident upon a unit surface in unit 
time 
p = light reflection coefficient. 
The change in the wavelength of X-rays in Compton scattering can 
be determined from the formula 


h 
Aà = oath —Cos q) 


where q = scattering angle 
m = mass of an electron. 

A beam of elementary particles has the properties of a plane wave 
which propagates in the direction of movement of these particles. The 
wavelength A which corresponds to this beam can be found from de 
Broglie’s relation 


a e e 
mo V2Egm 


where v = velocity of the particles 

m = mass of the particles 

E, = their kinetic energy. 
If the velocity of the particles v is commensurable with the velocity 
of light c, the previous formula may be written as 


AO da IA A 


my 


where B = v/c 
m, = rest mass of a particle. 

19.1, Find the mass of a photon of (1) red light rays (A=7 x 107 cm), 
(2) X-rays (A=0.25 A), and (3) gamma rays (A=1.24x 1072 A). 

19.2. Determine the energy, mass and momentum of a photon if 
the wavelength corresponding to it is 0.016 A. 

19.3. A mercury arc is rated at 125 W. How many light quanta are 
emitted every second in radiation with wavelengths of (1) 6,123 A, 
(2) 5,791 A, (3) 5,461 A, (4) 4,047 A, (5) 3,655 A, and (6) 2,537 A? 
The intensity of these lines is, respectively: (1) 2%, (2) 4%, (3) 4%, 
(4) 2.9%, (5) 2.5%, and (6) 4% of the intensity of the mercury arc. 
Assume that 80% of power is spent for radiation. 

19.4. What velocity must an electron travel with for its kinetic 
energy to equal the energy of a photon with a Wavelength of A=5,200 A? 
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19.5. What velocity must an electron travel with for its momentum 
to equal that of a photon with a wavelength of A=5,200 A? 

19.6. What energy must a photon have for its mass to equal the 
rest mass of an electron? 

19.7. The momentum transferred by a monochromatic beam of 
photons through an area of S=2 cm? during the time t=0.5 min is 
equal to p,,=3x 10~* g-cm/s. Find the energy incident on a unit of 
area in a unit of time for this beam. 

19.8. At what temperature will the kinetic energy of a molecule of 
a biatomic gas be equal to the energy of a photon with a wavelength 
of A=5.89x 10°74 mm? 

19.9. Since it is difficult to measure doses of X- and gamma radia- 
tion in roentgens at high energies, GOST 8848-63 allows the use of a 
roentgen as a unit of dose for radiation with a quantum energy up to 
3 MeV. Find the limit wavelength of X-radiation for which the roent- 
gen can be used as a unit of measurement. 

19.10. Find the mass of a photon whose momentum is equal to that 
of a hydrogen molecule at a temperature of 20° C. Assume the velocity 
of the molecule to be equal to the mean quadratic velocity. 

19.11. The Russian scientist A. G. Stoletov was the first to estab- 
lish the basic laws of the photoeffect. He formulated one of the results 
of his experiments as follows: “A discharging action is a property of 
rays with the highest refractivity whose length is less than 295x 
Xx 107* mm”. Determine the work of emission of an electron from the 
metal used by Stoletov for his experiment. 

19.12. Find the photoelectric threshold of the photoeffect for lithi- 
um, sodium, potassium and cesium. 

19.13. The photoelectric threshold of the photoeffect for a certain 
metal is 2,750 A. What is the minimum energy of a photon producing 
the photoeffect? 

19.14. The photoelectric threshold of the photoeffect for a certain 
metal is 2,750 A. Find: (1) the work of emission of an electron from 
this metal, (2) the maximum velocity of the electrons ejected from the 
metal by light with a wavelength of 1,800 A, (3) the maximum ki- 
netic energy of these electrons. 

19.15. Find the frequency of the light which ejects from a metal 
surface electrons fully retarded by a reverse potential of 3 V. The 
Photoeffect begins in this metal at a frequency of incident light of 
6x 101% s71, Find the work of emission of an electron from this 
metal. 

19.16. Find the retarding potential for photoelectrons emitted 
when potassium is illuminated by light with a wavelength of 3,300 A. 

19.17. In a photoeffect from a platinum surface, the retarding 
potential is 0.8 V. Find: (1) the wavelength of the radiation used, 
(2)the maximum wavelength at which the photoeffect is still possible. 
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19.18. Light quanta with an energy of e=4.9 eV eject photoelect- 
rons from metal with the work of emission W=4.5 eV. Find the maxi- 
mum impulse transmitted to the surface of the metal when each elec- 
tron flies out. 

19.19. Determine Planck’s constant A if the photoelectrons ejected 
from the surface of a certain metal by light with a frequency of 2.2x 
x 10! s~! are fully retarded by a reverse potential of 6.6 V, and those 
ejected by light with a frequency of 4.61015 s~1—by a potential 
of 16.5 V. 

19.20. A vacuum photocell consists of a central cathode (a tungsten 
ball) and an anode (the internal surface of a flask coated inside with 
silver), The contact potential difference between the electrodes, equal 
to U,=0.6 V, accelerates the emitting electrons. The photocell is 
illuminated by light with a wavelength of A=2.3x 107’ m. (1) What 
retarding potential difference should be applied between the electrodes 
for the photocurrent to drop to zero? (2) What velocity will be impar- 
ted to the photoelectrons when they reach the anade if no external po- 

tential difference is applied between the cathode 
and anode? 

19.21. A retarding potential difference of 1 V is 
applied between the electrodes of the photocell 
of the previous problem. At what limit wave- 

M length À of light incident onto the cathode will 
the photoeffect begin? 

19.22. Figure 65 shows part of the device with 
which the Russian scientist P. N. Lebedev con- 
ducted his experiments for measuring the pres- 
sure of light. A glass crosspiece suspended on a thin 

Fig. 65 thread is enclosed in an evacuated vessel and car- 
ries on its ends two light disks made of platinum 
foil. One of the disks is painted black, and the other is left bright. 
The pressure of light can be found by directing light onto one of the 
disks and measuring the angle through which the thread turns 
(with the aid of mirror M). Find: (1) the pressure of light, (2) the 
energy falling from an arc lamp in one second onto 1 cm? of the sur- 
face of the disks if when illuminating the bright disk, the deflection of 
the mirror light spot is 76 mm on a scale 1,200 mm from the mirror. 
The diameter of the disks is 5 mm. The distance from a disk centre 
to the axis of rotation is 9.2 mm. The reflection coefficient for the bright 
circle is 0.5. The constant & of the thread twisting moment (M=ka) 
is equal to 2.2x10"* dyn -cm/rad. 

19.23. In one of Lebedev's experiments, the twisting angle of the 
thread was 10” when light fell onto the black disk (p=0). Find: 
(1) the pressure of light, (2) the power of the incident light. Take the 
data necessary from the previous problem. 
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19.24. In one of Lebedev’s experiments, the power of monochroma- 
tic light (A=5.6X 10"* cm) falling on the disks was 0.5 J/min. Find: 
(1) the number of photons falling onto 1 cm? of the surface of the wings 
a second, (2) the impulse of the force imparted to | cm? of the surface 
of the disks a second. Find the value of the impulse for (a) p=0, (b) 
p=0.5, and (c) p=1. Take the data necessary from Problem 19.29. 

19.25. The Russian astronomer F. A. Bredikhin attributed the shape 
of comet trains to the pressure of Sun rays. Find: (1) the pressure of 
the light of Sun rays on a black body placed at the same distance from 
the Sun as the Earth, (2) the mass of a particle in a comet train at 
this distance when the force of light pressure exerted on it is balanced 
by the force of attraction of the particle by the Sun. The area of the 
particle which reflects all the incident rays is 0.5x107* cm?. The 
solar constant is 8.21 J/min-cm?. 

19.26. Find the pressure of light exerted on the walls of a 100-watt 
electric lamp. The lamp bulb is a spherical vessel with a radius of 
5 cm. The walls of the lamp reflect 4 per cent and let through 6 per 
cent of the incident light. Assume that all the consumed power is 
spent on radiation. 

19.27. Light energy amounting to 63 J falls every minute upon a 
surface with an area of 100 cm?. Find the pressure of the light when 
the surface (1) reflects all the rays, and (2) absorbs all the incident 
rays. f 
19.28. A monochromatic beam of light (A=4,900 A) normally in- 
cident upon a surface produces a pressure of 5X 107" kgf/m? on it. 
How many light quanta fall every second upon a unit area of this 
surface? The reflection coefficient of light p=0.25, 

19.29. X-rays with a wavelength of 4,=0.708 A undergo Compton 
scattering on paraffin. Find the wavelength of the X-rays scattered in 
the directions (1) E, (2) a. 

19.30. What is the wavelength of X-radiation if upon Compton 
scattering of this radiation by graphite at an angle of 60° the wave- 
length of the scattered radiation is 2.54 107° cm? 

19.31. X-rays with a wavelength of A,>=0.2 A undergo Compton 
scattering at an angle of 90°. Find: (1) the change in the wavelength 
of the X-rays in scattering, (2) the energy of a recoil electron, (3) 
the momentum of a recoil electron. 

19.32. In the Compton phenomenon, the energy of an incident pho- 
ton is equally distributed between the scattered photon and the recoil 


electron. The scattering angle is 5 . Find the energy and the momentum 
of the scattered photon. i 

19.33. The energy of X-rays is 0.6 MeV. Find the energy of a recoil 
electron if the wavelength of the X-rays changes by 20 per cent after 
Compton scattering. 
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19.34. Find the de Broglie wavelength for electrons which passed 
through a potential difference of (1) 1 V, and (2) ¡00 V. 

19.35. Solve the previous problem for a beam of protons. 

19.36. Find the de Broglie wavelength for (1) an electron flying 
with a velocity of 10% cm/s, (2) a hydrogen atom moving with a velo- 
city equal to the mean quadratic velocity at a temperature of 300° K, 
(3) a ball with a mass of | g moving with a velocity of 1 cm/s. 

19.37. Find the de Broglie wavelength for an electron with a kinetic 
energy of (1) 10 keV, (2) 1 MeV. 

19.38. A charged particle accelerated by a potential difference of 
200 V has a de Broglie wavelength equal to 0.0202 A. Find the mass 
of this particle if its charge is numerically equal to the charge of an 
electron. 

19.39. Compile a table of de Broglie wavelengths for an electron 
depending on the velocity v for the following velocities: (1) 2x 10° m/s, 
(2) 2.2x 10? m/s, (3) 2.4x 10% m/s, (4) 2.6x 10% m/s, (5) 2.8x 10% m/s. 

19.40. An a-particle moves along a circle with a radius of 0.83 cm 
in a homogeneous magnetic field having an intensity of 250 Oe. Find 
the de Broglie wavelength for this a-particle. 

19.41. Find the de Broglie wavelength for a hydrogen atom tra- 
veling at a temperature of 20? C with the most probable velocity. 


20. Bohr's Atom. X-Rays 


According to Bohr's first postulate, an electron can move around 
a nucleus only along definite orbits whose radii satisfy the ratio 


MU, g = ka 


where m = mass of the electron 

v, = velocity of the electron on the k-th orbit 

r, = radius of this orbit 

h = Planck's constant 

k = any integer (quantum number). 

According to Bohr’s second postulate, the radiation frequency which 

corresponds to transition of an electron from one orbit to another is 
determined from the formula 


hv=E,—E, 
where k and n are the numbers of the orbits (n>k), and E, and E, are 
the corresponding values of the electron energy. 


The formula used to find the frequency v or wavelength A which 
correspond to the lines of the hydrogen spectrum has the form 


€ l i 
v==Rel 2) 
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where k and n= numbers of the orbits 
c=velocity of light in a vacuum 
peers constant equal to 


R= Rta me 7 





esh 


here e = charge of an cae 

m = mass of an electron 

h = Planck’s constant 

e, = dielectric constant. 
The formula used to determine the frequencies v or wavelengths 4 for 
hydrogen-like ions is as follows: 


1 
v= = RZ (ar = ) 
where Z is the atomic number of the element. 
In the diffraction of X-rays, Bragg’s law applies: 


2d sinp=nA 


where d = interplanar spacing of crystal lattice planes 
@ = angle between the X-ray beam and the crystal surface 
n = integer. 
The short-wave boundary vo of a continuous X-ray spectrum can 
be found from the expression 


hvo=eU 
where U is the difference of potentials applied to an X-ray tube. 


The frequencies and wavelengths of characteristic X-rays can be 
found from Moseley’s formula 


1 1 
where Z = atomic number of the element which the anticathode is 
made of 
b = screening constant. 
The latter formula can be rewritten as 
V v=a(Z—b), where a= V re 3) 
The intensity of a beam of X-rays which have passed through a 
plate with a thickness of x is determined from the formula 
I= 7" 
where /, = intensity of the beam falling upon the plate 
u = linear absorption coefficient. 
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The absorption coefficient u depends on the wavelength of the X-rays 
and the density of the material. The mass absorption coefficient p,, is 


related to the linear coefficient y by the expression n= where p 


is the density of the material. 

The absorption of X-rays by various materials can be characterized 
by the so-called half-value layer, i. e., by the thickness of a plate which 
halves the intensity of the incident rays. 

20.1. Find: (1) the radii of the first three Bohr electron orbits in 
a hydrogen atom, (2) the velocity of an electron in them. 

20.2. Find the numerical value of the kinetic, potential and total 
energy of an electron in the first Bohr orbit. 

20.3. Calculate the kinetic energy of an electron in the n-th orbit of 
a hydrogen atom. Solve the problem for n=1, 2, 3 and oo. 

20.4. Find: (1) the period of revolution of an electron in the first 
Bohr orbit of a hydrogen atom, (2) the angular velocity of the elect- 
ron. 

20.5. Find the minimum and maximum wavelengths of hydrogen 
spectral lines in the visible region of the spectrum. 

20.6. (1) Find the maximum wavelength in the ultraviolet series 
of a hydrogen spectrum. (2) What minimum velocity should electrons 
have for this line to appear when hydrogen atoms are excited by im- 
pacts of electrons? 

20.7. Determine the ionization potential of a hydrogen atom. 

20.8. Determine the first excitation potential of a hydrogen atom. 

20.9. (1) What minimum energy (in electron-volts) must electrons 
have for all the lines of all the series of the hydrogen spectrum to appear 
when the hydrogen atoms are excited by impacts of these electrons? 
(2) What is the minimum velocity of these electrons? 

20.10. Within what limits should the energy of the bombarding 
electrons be for the hydrogen spectrum to have only one spectral line 
when hydrogen atoms are excited by impacts of these electrons? 

20.11. What minimum energy (in electron-volts) should electrons 
have for the hydrogen spectrum to consist of three spectral lines when 
hydrogen atoms are excited by impacts of these electrons? Find the 
wavelengths of these lines. 

20.12. Within what limits should the wavelengths of monochro- 
matic light be for three spectral lines to appear when hydrogen atoms 
are excited by quanta of this light? 

20.13. How much will the kinetic energy of an electron in a hydro- 
gen atom change if the atom emits a photon with a wavelength of A= 
=4,860 A? 

20.14. Within what limits should the wavelengths of monochroma- 
tic light be for the electron orbital radius to increase 9 times when hy- 
drogen atoms are excited by quanta of this Nght? 
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20.15. A beam of light from a discharge tube filled with atomic 
hydrogen falls normally upon a diffraction grating. The constant of 
the grating is 5x 10~* cm. What transition of the electron does the 
spectral line observed with the aid of this grating in the fifth-order 
spectrum at an angle of 41° correspond to? 

20.16. Find the de Broglie wavelength for an electron traveling 
along the first Bohr orbit in a hydrogen atom. 

20.17. Find: (1) the radius of the first Bohr electron orbit for sing- 
ly ionized heiium, (2) the velocity of the electron in it. 

20.18. Find the first excitation potential of (1) singly ionized he- 
lium, (2) doubly ionized lithium. 

20.19. Find the ionization potential of (1) singly ionized helium, 
and (2) doubly ionized lithium. 

20.20. Find the wavelength of a photon which corresponds to the 
transfer of an electron from the second Bohr orbit to the first one in 
a singly ionized helium atom. 

20.21. Solve the previous problem for a doubly ionized lithium 
atom. 

20.22. The D-line of sodium is radiated by such a transition of an 
electron from one atomic orbit to another when the energy of an atom 
decreases by 3.37 107!® J. Determine the wavelength of the sodium 
D-line. 

20.23. Figure 66 schematically shows a device used to determine the 
resonance potential of sodium. The tube contains sodium vapours. 
Electrodes G and A have the same potential. At what minimum acce- 
lerating potential difference between the cathode C and the grid G is 
a spectral line with a wavelength 
of 5,890 A observed? oe A 

20.24. Anelectron passing thro- 
ugh a potential difference of 4.9V 
collides with a mercury atom and 
transfers it to the first excited 
state. What is the wavelength of 
a photon corresponding to the 
transition of the mercury atom 
to its normal state? t- 

20.25. Figure 67 shows an expe- 
rimental arrangement for obser- 
ving the diffraction of X-rays. 

As crystal C rotates, only that ray 

whose wavelength satisfies Bragg’s equation wil] be reflected onto pho- 
tographic plate P. What is the minimum angle between the cry- 
stal plane and a beam of X-rays at which X-rays with a wave- 
length 0.2 A are reflected? The constant of the crystal lattice 
is 3.03 A, 


Fig. 68 
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20.26. Find the lattice constant of rock salt, knowing the mass of 
one kilomole of rock salt and its density (p=2.2 g/cm?). Rock salt 
crystals have a simple cubic structure. 

20.27. When Planck's constant h is determined experimentally by 
means of X-rays, a crystal is placed at a certain angle 8 and the poten- 

tial difference applied to the X-ray 
tube is increased until the line 
corresponding to this angle ap- 
pears. Find Planck’s constant 
from the following data: a rock 


5 Sz salt crystal is placed at an angle 
y | c of 14°, the potential difference 
14 0 at which the line corresponding 


to this angle appears for the first 
time is 9,100 V, and the crystal 
P lattice constant is 2.81 A. 
20.28. A potential difference 
of 60 kV is applied to the elect- 
rodes of an X-ray tube. The mi- 
nimum wavelength of the X-rays 
obtained from this tube is 0.206 A. Find Planck’s constant from these 
data. 

20.29. Find the short-wave boundary of a continuous X-ray spect- 
rum wnen an X-ray tube receives a potential difference of (1) 30 kV, 
(2) 40 kV, and (3) 50 kV. 

20.30. Find the short-wave boundary of a continuous X-ray spect- 
rum if a reduction of the voltage applied to an X-ray tube by 23 kV 
doubles the wavelength. 

20.31. The wavelength of gamma radiation of radium C is equal to 
0.016 A. What potentia] difference should be applied to an X-ray tube 
to obtain X-rays with this wavelength? 

20.82. What minimum voltage should be applied to an X-ray tube 
to obtain all the lines of the K-series if the anticathode is made of 
(1) copper, (2) silver, (3) tungsten, and (4) platinum? 

20.33. Assuming that Moseley’s formula describes with sufficient 
accuracy the relationship between the frequency of characteristic 
X-rays and the atomic number of the element which the anticathode 
is made of, find the maximum wavelength of the K-series of X-rays 
produced by a tube with an anticathode made of (1) iron, (2) copper, 
(3) molybdenum, (4) silver, (5) tantalum, (6) tungsten, and (7) pla- 
tinum. For the K-series the screening constant is unity. 

20.34. Find the screening constant for the L-series of X-rays if it 
is known that X-rays with a wavelength of A=1.43 A are emitted when 
an electron in a tungsten atom is transferred from the M-layer to the 
L-layer. N 


Fig. 67 
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20.35. When an electron is transferred in an atom from the L-layer 
to the K-layer, the emitted X-rays have a wavelength of 0.788 A. What 
is this atom? The screening constant is equal to unity for the K-series. 

20.36. Air in a certain volume V is irradiated by X-rays. The ra- 
diation dose is 4.5 r. Find the part of the atoms in the volume which 
will be ionized by this radiation. 

20.37. An X-ray tube produces a dose of 2.58 10-5 A/kg at a cer- 
tain distance. How many ion pairs does the tube produce per second 
in one gramme of air at this distance? 

20.38. Air in standard conditions in an ionization chamber with 
a volume of 6 cm? is irradiated by X-rays. The dose of the X-rays is 
0.48 mr/h. Find the ionizing saturation current. 

20.39. Find for aluminium the thickness of the half-value layer for 
X-rays of a certain wavelength if the mass absorption coefficient of 
aluminium for this wavelength is 5.3 m*/kg. 

20.40. How many times will the intensity of X-rays with a wave- 
length of 0.2 A diminish when they pass through a layer of iron 0.15 mm 
thick? The mass absorption coefficient of iron for this wavelength is 
1.1 m?/kg. 

20.41. Find the thickness of the half-value layer for iron in the con- 
ditions of the previous problem. 

20.42. The following table gives for some materials the thickness 
of the half-value layer for X-rays whose energy is equal to 1 MeV. 
(1) Find the linear and the mass absorption coefficients of these mate- 
rials for the given energy of the X-rays. (2) Find the wavelength of 
the X-rays for which these data are obtained. 


x Alumi- 
Material | Water niara Iron Lead 











x, cm | 10.2 | 4.5 | 1.56 | 0.87 


20.43. How many half-value layers must be used to reduce the in- 
tensity of X-rays to 1/80th? 


21. Radioactivity 


The number of atoms of a radioactive material disintegrating dur- 
ing the time dé is proportional to the number of atoms present and 
can be determined from the expression 

aN 


ar = AN 
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where 4 is the radioactive disintegration constant. Upon integrating, 
we obtain 


N=N,e-™ 


where N, = number of atoms present at the moment of time ¢==0 
N = number of atoms after the time ¢ has elapsed. 
The half-life T and the disintegration constant À are related by the 
expression 





__log¿2 
pe A 


The reciprocal of the disintegration constant 1=2 is known as the 


A 
mean lifetime of a radioactive atom. 

If a certain amount of a radioactive preparation A is placed into a 
closed vessel, and its disintegration produces radioactive preparation 
B, the quantity of the material B in the vessel after the time ¢ can be 
determined from the formula 


La dat —p-hgt 
No=N a ta (e a E B) 





where Ni, = a of preparation A at t=0 
A,andA, = disintegration constants of preparations A and B, 
respectively. 
If the half-life of preparation A is much greater than that of B, the 
last formula will become 


A = 
Ng =N,4 7A (1 —e7™8’) 


In radioactive equilibrium y = E $ 

The specific activity of a radioactive preparation is determined by 
the number of disintegration events a second per unit of mass of the 
disintegrating material. 

21.1. Given one million polonium atoms, how many disintegrate 
in twenty-four hours? 

21.2. Given one million radon .atoms, how many disintegrate in 
twenty-four hours? 

21.3. Find the number of disintegrations in 1 g of radium a second. 

21.4. Find the mass of a radon whose activity is 1 curie. 

21.5. Find the quantity of polonium ,,Po?!° whose activity is 3.7X 
x 10° d/s. 

21.6. Find the disintegration constant of radon if the number of 
its atoms diminishes by 18.2% during twenty-four hours. 

21.7. Find the specific activity of (1) uranium ,,U**, and (2) ra- 
don ,,Rn?”?. 
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21.8. Even in the absence of a radioactive preparation, Geiger- 
Miiller ionization counters have a certain background which may be 
caused by cosmic radiation or radioactive contamination. What amo- 
unt of radon does a background producing 1 pulse of the counter in 
5 seconds correspond to? 

21.9. An ionization counter is used to investigate the disintegra- 
tion rate of a certain radioactive preparation. At the initia} moment 
of time the counter gives 75 pulses in 10 seconds. What number of 


pulses will be given by the counter in 10 seconds after the time Es 


2 
elapses? Assume that ¿5>10 seconds. 

21.10. A certain radioactive preparation has a disintegration 
constant of 1=1.44x 1073 h-1, In what time will 75 per cent of the 
initial number of atoms disintegrate? 

21.11. Natural uranium is a mixture of three isotopes: U4, 
o2U* and ¿,U***, The content of uranium ,,U*** is negligible (0.006 
per cent), uranium ,.U*** accounts for 0.71 per cent, and the remainder 
(99.28 per cent) is uranium ,,U**®. The half-lives of these isotopes are 
2.5x 105 years, 7.1108 years and 4.5x 10° years, respectively. Cal- 
culate the share of radioactivity in per cent introduced by each iso- 
tope into the total radioactivity of natural uranium. 

21.12. The kinetic energy of an a-particle which flies out of the nuc- 
leus of a radium atom in radioactive disintegration is 4.78 MeV. Find: 
(1) the velocity of the a-particle, (2) the total energy evolved during 
the escape of the a-particle. 

21.13. What amount of heat is evolved by one curie of radon 
(1) in one hour, (2) during the mean lifetime? The kinetic energy of 
an a-particle escaping from the radon is 5.5 MeV. 

21.14, One gramme of uranium ,.U** in equilibrium with its dis- 
integration products emits a power of 1.07 10-7? W. Find the total 
amount of heat liberated by one gramme-atom of uranium during the 
mean lifetime of the uranium atoms. 

21.15. What is the activity of the radon formed from 1 g of radium 
during one hour? 

21.16. The disintegration of 1 g of radium forms a certain amount 
of helium in a year which under standard conditions occupies a vo- 
lume of 0.043 cm’. Find Avogadro’s number from these data. 

21.17. A preparation containing 1.5 g of radium is put into a closed 
vesse! (ampoule). How much radon will accumulate in the vessel after 


the time iat has elapsed, where T is the half-life of radon? 


21.18. A certain amount of radium is placed into a closed vessel. 
(1) In what time will the number of the radon atoms N in this vessel 
differ by 10 per cent from the number of these atoms N’ corresponding 
to radioactive equilibrium of the radium with the radon in the vessel? 
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(2) Plot a curve showing how x depends on time within the interval 


0<t<6T7. Take the half-life of radon T as the unit of time on the axis 
of abscissas. 

21.19. A certain amount of radon N” is placed in an empty vessel. 
(1) Plot a curve showing the change in the quantity of radon a in 
the vessel with time for the period O<ft<20 days at intervals of 2 
days. For radon 4=0.181 days”*. (2) Find the half-life from the curve 


N 
y IO. 

21.20. The following table shows the results of measuring the de- 
pendence of the activity a of a certain radioactive element on the time t. 





Find the half-life of this element. 

21.21. Radon with an activity of 400 mc is placed into an ampoule. 
-In what time after the ampoule is filled will the radon disintegrate at 
a rate of 2.22 10° d/s? 

21.22. Since the lead contained in uranium ore is the final decay 
product of the uranium series, the age of the ore can be found from the 
relationship between the amount of uranium in the ore and the amount 
of lead in it. Determine the age of uranium ore if 320 g of lead ,,Pb2°* 
are contained in this ore per kg of uranium ,,U2**. 

21.23. Knowing the half-lives of radium and uranium, find the 
number of uranium atoms per atom of radium in natural uranium ore. 

Note. Remember that the radioactivity of natural uranium is due 
mainly to the isotope ,,U*. 

21.24. From what minimum amount of ore containing 42 per cent 
of pure uranium can | g of radium be obtained? 

21.25. Alpha-particles escape from a radium preparation at the 
rate of 1.5X 10% km/s and collide with a fluorescent screen. Assuming 
that the screen consumes 0.25 W per candela find the light intensity 
of the screen if it receives all thea-particles emitted by 1 pg of radium. 

21.26. What part of the initial quantity of a radioactive isotope 
disintegrates during the lifetime of this isotope? 

21.27. Find the activity of 1 pg of polonium ,,Po*”. 

21.28. Find the specific activity of the artificial radioactive iso- 
tope y3r?. 


21.29—21.36] ATOMIC AND NUCLEAR PHYSICS 233 


21.29. 30 mg of the non-radioactive isotope ,,Ca*® are mixed with 
10 mg of the radioactive isotope .¢Ca‘*. How much will the specific ac- 
tivity of the preparation decrease? 

21.30. What amount of the radioactive isotope ,,Bi?!° should be 
added to 5 mg of the non-radioactive isotope ,,Bi?°* for the ratio of 
the number of disintegrated atoms to that of the undisintegrated ones 
to be 50 per cent in 10 days? The disintegration constant of Bi? is 
A=0.14 days”!. 

21.31. What isotope will be produced from ,,Th?*? after four a- 
decays’ and two f-decays? 

21.32. What isotope will be produced from „U?! after three a- 
decays and two f-decays? 

21.33. What isotope will be produced from ,,U*** after two B-decays 
and one a-decay? 

21.34. What isotope will be produced from the radioactive isotope 
sLi® after one B-decay and one a-decay? 

21.35. What isotope will be produced from the radioactive isotope 
of antimony ,,Sb?** after four B-decays? 

21.36. The kinetic energy of ana-particle escaping from the nucleus 
of a polonium atom ,,Po7!* is 7.68 MeV in radioactive decay. Find: 
(1) the velocity of the a-particle, (2) the total energy emitted during 
the escape of the a-particle, (3) the number of ion pairs formed by the 
a-particle assuming that the energy E,=34 eV is required to produce 
one pair of ions in air, (4) the saturation current in an ionization cham- 
ber produced by all the a-particles emitted by 1 microcurie of polo- 
nium. 


22. Nuclear Reactions 


The nuclear binding energy of any isotope can be determined from 
the ratio 
AE=c? AM 


where AM is the difference between the mass of the particles forming 
the nucleus and the mass of the nucleus itself. Obviously 


AM =ZM,+(M—Z) M,—Mya (1) 


where Z = atomic number of the isotope 
M = mass number 
M, = mass of a proton 
M,, = mass of a neutron 
M „a = mass of the nucleus of the isotope. 
Since M,,=M,—Zm, where M, is the mass of the isotope and m 
is the mass of an electron, the previous equation may be replaced by 


AM=ZM, m +(M—Z)Mn— Ma (2) 
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where M,y: is the mass of the hydrogen isotope ,H! and M, is the 
mass of the given isotope. 

The change of energy in a nuclear reaction is determined from the 
expression 


AE =c:(SM,—>M,) (3) 


where $M, and $M are the sums of the masses of the particles before 
and after the reaction, respectively. 

If YM > M., the reaction takes place with the evolution of ener- 
gy, and if <M 2, With the absorption of energy. Let us note that 
we may introduce into the latter formula the mass of the isotopes ins- 
tead of that of the nuclei, as in calculating the nuclear binding energy, 
since the corrections for the mass of the shell electrons have opposite 
signs and may therefore be cancelled. 

22.1. Find the number of protons and neutrons in the nuclei of three 
magnesium isotopes: (1) ,¿Mg?*, (2) ¡,Mg?*, and (3) ,.Mg?®. 

22.2. Find the nuclear binding energy of the lithium isotope Li’. 

22.3. Find the nuclear binding energy of a helium atom „Het. 

22.4. Find the nuclear binding energy of an aluminium atom ,¿Al?”. 

22.5. Find the nuclear binding energies of (1) ¡H* and (2) ¿Hez. 
Which of these nuclei is more stable? 

22.6. Find the binding energy per nucleon in the nucleus of an oxy- 
gen atom ¿O**. 

22.7. Find the binding energy of a deuterium nucleus ,H?. 

22.8. Find the binding energy E, per nucleon in the nuclei (1) ¿Li”, 
(2) N, (3) A1, (4) 2¿Cato, (5) ¿¿Cuez, (6) gCd*, (7) ¿¿Hg2%, and 
(8) ¿,¿U?**. Plot the relation E,=f(M), where M is the mass number. 

22.9. Find the energy released during the nuclear reaction 


ali? + ,H! — „Het +- He’ 
22.10. Find the energy absorbed during the reaction 
„N1 + Het — ,H! +01” 
22.11. Find the energy evolved during the nuclear reactions: 
(1) ,H?+,H? — ,H'+ ,H? 
(2) ,H?+ ,H? > ,He?+ ,n? 


22.12. Find the energy evolved during the following thermonuc- 
lear reactions: 
(1) |H?-+ ,He* — ,H?+ ,He* 
(2) ¿Li*+,H? — ¿Het + Het 
(3) ¿Li? T ,H' ae ¿He? + Met 
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22.13. What amount of water can be heated from 0° C to its boiling 
point if we use all the heat released during the reaction ¿Li? (p, a) 
with full disintegration of one gramme of lithium? 

22.14. Insert the missing symbols in the following nuclear reacti- 
ons: 

(1) A1? (n, a)x 
(2) ¿FE (p, x),0" 
(3) a¿MnSs(x, n) Fes 
(4) ¡¿Al2 (9, p)x 
(5) ¡N'(n, x) CO! 
(6) x(p, a),Na? 
22.15. Find the energy released during the reaction 
sLi? + ,H? — ,Be®+ ,n! 
22.16. Find the energy released during the reaction 
¿Be? + ,H? =} ¿Bio + oft? 


22.17. Bombardment of the nitrogen isotope ,N'* by neutrons pro- 
duces the carbon isotope ,C**, which is B-radioactive. Write the equa- 
tions of both reactions. 

22.18. Bombardment of the aluminium isotope ,,Al*? by a-partic- 
les produces the radioactive phosphorus isotope ,,P%° which then di- 
sintegrates releasing a positron. Write the equations of both reactions. 
Find the specific activity of the isotope obtained if its half-life is 
130 seconds. 

22.19. Bombardment of the isotope ,,Na® by deuterons produces 
the f-radioactive isotope ,,Na**. A B-particle counter is installed near 
the preparation containing the radioactive ,,Na®*. During the first 
measurement the counter showed 170 pulses a minute, and on the fol- 
lowing day 56 a minute. Write the equations of both reactions. Find 
the half-life of the isotope ,,Na?*. 

22.20. (1) What energy will be released if during the reaction 


wAl?? + Het — „Si +,H' 


all the nuclei in one gramme of aluminium are transformed? (2) What 
energy must be spent for this transformation if when a nucleus of 
‘aluminium is bombarded by a-particles with an energy of 8 MeV only 
one of 2X 10° particles causes the transformation? 

22.21. Bombardment of the lithium isotope Li by deuterons pro- 
duces two a-particles with the release of energy equal to 22.3 MeV. 
Knowing the masses of a deuteron and an a-particle, find the mass of 
the lithium isotope ¿Li". 
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22.22. Assuming that the source of the energy of solar radiation js 
the energy of the formation of helium from hydrogen according to the 
following cyclic reaction: 


pC? + H? RS ¿Ni "N eC + ¿yen 
ac + 1H? — N" 

¿Ni4 4H —>¿016 — „N + 10 
N + 1H! — ¿O 4 ¿He* 


find how many tons of hydrogen must be converted every second into 
helium. The solar constant is 1.96 cal/em*-min. Assuming that hydro- 
gen forms 35 per cent of the Sun’s mass, calculate in how many years 
this hydrogen will be used up if the radiation of the Sun is constant. 
22.23. The reaction of decomposing a deuteron by gamma-rays is 
as follows: 
iH? + hv — ,H!+ ,n' 


Find the mass of the neutron from the following data: the energy of 
y-quanta is 2.66 MeV and the energy of the escaping protons as measured 
by the ionization they produce is 0.22 MeV. Consider the energy of the 
neutron to be equal to that of the proton. The masses of the deuteron 
and the proton are known. 

22.24. Insert the missing symbols in the following nuclear reacti- 
ons caused by photons: 


(1) ¿Al? (y, x),,Mg* 
(2) ¡¿Al” (y, n)x 
(3) 2¿Cu” (Y, x)3Cut* 
(4) x(p, A) W 


22.25. The yield of a reaction of formation of radioactive isotopes 
may be characterized either by k,—the ratio between the number of 
events of nuclear transformation and the number of bombarding par- 
ticles, or by &.—the ratio between the activity of the product obtained 
to the number of particles bombarding the target. Find the relation- 
ship between the quantities k, and ks. 

22.26. Bombardment of Li? by protons produces the radioactive 
beryllium isotope ,Be’ with a half-life of 4.67 x 10° s. Find. the value 
of k, (see the previous problem) for this reaction if the bombarding 
protons with a total charge of 1 pA -h cause an activity of the obtained 
preparation equal to 176 uc. 

22.27. The nuclear reaction ,¿Fe'* (p, n) produces a radioactive 
isotope of cobalt with a half-life of 80 days. Find the yield of this reac- 
tion k, (see Problem 22.25) if the activity of the isotope ,,Co®* is 5.2 x 
Xx 107 d/s after a ,,Fe* target is irradiated fortwo hours with a proton 
current of 10 pA. 
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22.28. A tube containing a powder of beryllium ,Be® and gaseous 
radon is used as a source of neutrons. Neutrons are produced when a- 
particles of the radon react with the beryllium. (1) Write the reaction 
of neutron formation. (2) Find the amount of radon originally intro- 
duced into the source if it produces 1.2 x 10° neutrons per second after 


five days. The yield of this reaction is 500 , i. e., only one a-particle 


out of 4,000 induces the reaction. 

22.29. The tube described in the previous problem is a source of 
neutrons. Find the number of neutrons produced in one second by a- 
particles from 1 curie of radon as they impinge upon the beryllium 
powder. Assume that only one a-particle of 4,000 induces the reaction. 

22.30. The reaction of formation of the radioactive carbon isotope 
«C)! can be written as ¿B*” (d, n), where d is the symbol of a deute- 
ron—the nucleus of deuterium ,H?. The half-life of the isotope ,C1 
is 20 min. (1) What amount of energy is evolved during this reaction? 
(2) Find the yield of the reaction k, if k,=1078 (see the initial condi- 
tion of Problem 22.25). 

22.31. In the reaction ,N** (a, p) the kinetic energy of an a-particle 
E,=7.7 MeV. Find the angle to the direction of motion of the a-par- 
ticle at which a proton escapes if its kinetic energy E,,=8.5 MeV. 

22.32. Bombardment of the lithium isotope Lit by deuterons forms 
two a-particles which fly away symmetrically at an angle of g to the 
direction of the velocity of the bombarding deuterons. (1) Find the 
kinetic energy of the e-particles formed if the energy of the bombarding 
deuterons is 0.2 MeV. (2) Find the angle q. 

22.33. The helium isotope ,He® is produced by bombarding tritium 
nuclei ,H? with protons. (1) Write the equation of the nuclear reac- 
tion. (2) Find the energy evolved in this reaction. (3) Find the “thres- 
hold” of the nuclear reaction, i. e., the minimum value of the kinetic 
energy of a bombarding particle at which this reaction occurs. 

Note. Remember that the relative velocity of the particles produced 
by the reaction is zero at the threshold value of the kinetic energy of 
the bombarding particle. 

22.34. Find the threshold of the nuclear reaction ,N** (a, p). 

22.35. Find the threshold of the nuclear reaction ¿Li? (p, n). 

22.36. An artificial nitrogen isotope ,N* is produced by bombar- 
ding the nuclei of carbon ¿C!? by deuterons. (1) Write the equation 
of the nuclear reaction. (2) Find the quantity of heat absorbed during 
this reaction. (3) Find the threshold of this reaction. (4) Find the total 
kinetic energy of the reaction products at the threshold value of the 
kinetic energy of the deuterons. Assume the carbon nuclei to be im- 
mobile. 

22.37. The reaction ¿B* (n, a) takes place when boron is bombar- 
ded by neutrons whose velocity is very small (“thermal” neutrons). 
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(1) Find the energy evolved in this reaction. (2) Find the velocity and 
kinetic energy of ana-particle, assuming the boron nucleus to be immo- 
bile and neglecting the velocities of the neutrons. 

22.38. Bombardment of the lithium isotope ¿Li? by protons produ- 
ces two a-particles. The energy of each a-particle when formed is 9.15 
MeV. What is the energy of the bombarding protons? 

22.39. Find the minimum energy of a y-quantum sufficient for the 
reaction of decomposition of a deuteron by y-rays 


HP ho Bn 


22.40. Find the minimum energy of a y-quantum sufficient for the 
reaction Mg% (y, n). 

22.41, What amount of energy in kilowatt-hours can be obtained 
from the fission of one gramme of uranium U??? if each fission pro- 
duces an energy of about 200 MeV? 

22.42. What amount of uranium „U? is consumed every day at 
an atomic power plant rated at 5,000 kW? The efficiency is 17 per cent. 
Assume that an energy of 200 MeV is liberated in each event of decay. 

22.43. When a hydrogen bomb explodes, a thermonuclear reaction 
of helium formation from deuterium and tritium occurs. (1) Write 
the equation of the nuclear reaction. (2) Find the energy libera- 
ted in this reaction. (3) What quantity of energy can be produced in 
the formation of one gramme of helium? 


23. Elementary Particles. Particle Accelerators 


The problems in this section are solved on the basis of the laws 
considered in the previous sections, i. e., the collision of particles, 
the motion of particles in electric and magnetic fields, etc. Some prob- 
lems must be solved with the aid of the formulas of the theory of re- 
lativity. 

23.1. In nuclear physics, the number of charged particles bombar- 

ding a target is characterized by the total charge in microampere- 
hours (uA-h). Find the number of charged particles which 1 pA-h 
corresponds to. Solve the problem for (1) electrons, and (2) e-partic- 
les. 
23.2. The kinetic energy of a neutron diminishes 1.4 times when it 
collides elastically and centrally with the stationary nucleus of a mo- 
ae material. Find the mass of the nuclei of the moderating ma- 
terial. 

23.3. What part of the initial velocity of a neutron is formed by 
its velocity after an elastic central impact with an immobile nucleus 
of the isotope Na? 

23.4. To obtain slow neutrons, they are passed through a material 
containing hydrogen (paraffin, for example).\Find the maximum part 
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of its kinetic energy which a neutron with a mass of m, can transmit to 
(1) a proton (mass mo), and (2) a lead atom nucleus (mass m=207 m,). 
The major part of the transferred energy corresponds to an elastic 
central collision. 

23.5. Find in the previous problem the distribution of energy bet- 
ween a neutron and a proton if the impact is not central and upon each 
collision the neutron is deflected, on an average, by 45°. 

23.6. A neutron with an energy of 4.6 MeV collides with protons 
and is retarded. Assuming that upon each collision the neutron is 
deflected, on an average, by 45°, find the number of collisions which 
will reduce its energy to 0.23 eV. 

23.7. A flux of charged particles flies into a homogeneous magnetic 
field having an induction of 3 Wb/m?. The velocity of the particles 
is 1.5210’ m/s and is perpendicular to the direction of the force 
lines of the field. Find the charge of each particle if the force acting on 
it is1.46x 10-11 N, 

23.8. A charged particle flies into a homogeneous magnetic field 
having an induction of 0.5 T and travels along a circle with a radius 
of 10 cm. The velocity of the particle is 2.4x 10° m/s. Find the ratio 
between the charge and the mass of this particle. 

23.9. An electron is accelerated by a potential difference of 180 kV. 
(1) Find the mass, velocity, kinetic energy and the e/m ratio for this 
electron, taking into account the corrections of the theory of relativity. 
(2) Find the velocity of this electron, disregarding the relativistic 
correction. 

23.10. The energy of fast mesons in cosmic rays is approximately 
equal to 3,000 MeV, and the rest energy of such a meson is 100 MeV. 
What distance in the atmosphere can be traveled by a meson during 
its lifetime as registered by a laboratory clock? The intrinsic life of 
the meson to=2X10-* s. 

23.11. A meson of cosmic rays has a kinetic energy of E=7 M,c?, 
where M, is the rest mass of the meson. How many times is the intrin- 
sic life of this meson smaller than its life counted in a coordinate sys- 
tem in a laboratory? 

23.12. A positron and an electron combine to form two photons. 
(1) Find the energy of each photon if the kinetic energy of the elect- 
ron and the positron was negligibly small before their collision. 
(2) Find the wavelength of these photons. 

23.13. When an electron and a positron are formed from a photon, 
the energy of the photon was 2.62 MeV. What is the total kinetic energy 
of the positron and the electron at the moment of formation? 

23.14. An electron and a positron formed by a quantum with an 
energy of 5.7 MeV form paths with a radius of curvature of 3 cm ina 
cloud chamber placed in a magnetic field. Find the induction of the 
magnetic field. 
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23.15. When an immobile neutral x-meson disintegrates it forms 
two identical photons. Find the energy of each photon. The rest mass 
of the n-meson M=264.2 mo, where my is the rest mass of an electron. 

23.16. A neutron and an antineutron combine forming two pho- 
tons. Find the energy of each photon assuming that the initial energy 
of the particles is negligibly small. 

23.17. A K°-meson disintegrates into two charged a-mesons. The 
mass of each meson is 1.77 times greater than its rest mass. Assuming 
that the K®-meson was initially at rest and its rest mass was 965 mo, 
where mo is the rest mass of an electron, find: (1) the rest mass of the 
m-mesons formed, (2) the velocity of the r-mesons at the moment of 
their formation. 

23.18. (1) Deduce a formula relating the induction of the magnetic 
field of a cyclotron and the frequency of the potential difference ap- 
plied to dees. (2) Find the frequency of the potential difference applied 
to the dees for (a) deuterons, (b) protons, and (c) a:-particles. The 
induction of the magnetic field is 12.6 kGs. 

23.19. (1) Deduce a formula relating the energy of particles flying 
out from a cyclotron and the maximum radius of curvature of the path 
of these particles. (2) Find the energy of (a) deuterons, (b) protons, 
and (c) a-particles flying out from a cyclotron if the maximum radius 
of curvature R=48.3 cm. The frequency of the potential difference 
applied to the dees is 12 MHz. 

23.20. In a cyclotron with a maximum radius of curvature of the 
trajectory of particles R=0.35 m, the frequency of the potential diffe- 
rence applied to the dees is v=1.38 x 10? Hz. Find for operation with 
protons: (1) the induction of the magnetic field necessary for synchro- 
nous functioning of the cyclotron, (2) the maximum energy of the es- 
caping protons. 

23.21. Solve the previous problem for work with (1) deuterons, and 
(2) a-particles. 

23.22. The magnitude of the ion current generated in a cyclotron 
working with a-particles is 15 pA. How many times is this cyclotron 
more productive than one gramme of radium? 

23.23. The maximum radius of curvature of the trajectory of par- 
ticles in a cyclotron is R=0.5 m and the induction of the magnetic 
field B=10* Gs. What constant potential difference would protons 
have to pass through to obtain the same acceleration as in the given 
cyclotron? 

23.24. A cyclotron produces deuterons with an energy equal to 
7 MeV. The induction of the applied magnetic field is 15,000 Gs. 
Find the maximum radius of curvature of the trajectory of the 
deuteron. 

23.25. A variable potential difference of V=75 kV with a frequency 
of v=10 MHz is applied between the dees ofa cyclotron with a radius 
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of 50 cm. Find: (1) the induction of the magnetic field of the cyclo- 
tron, (2) the velocity and energy of the particles escaping from the 
cyclotron, (3) the number of revolutions completed by a charged par- 
ticle before it leaves the cyclotron. Solve the problem for deuterons, 
protons and a-particles. 

23.26. What energy can a-particles be accelerated to in a cyclotron 


if the relative increase in the mass of a particle == should 


not exceed 5 per cent? 
23.27. The energy of deuterons accelerated by a synchrotron is 


200 MeV. Find for these deuterons: (1) the ratio T, , Where M is 


the mass of a moving deuteron and M, is its rest mass, (2) their velo- 
city. 

23.28. In a synchrocyclotron, an increase in the mass of a particle 
as its velocity grows is compensated for by an increase in the period 
of the accelerating field. In a synchrocyclotron which accelerates 
protons, the frequency of the voltage applied to the dees changes from 
25 MHz to 18.9 MHz for each accelerating cycle. Find for this synchro- 
cyclotron: (1) the induction of the magnetic field, and (2) the kinetic 
energy of escaping protons. 

23.29. A synchrocyclotron was used to investigate protons accele- 
rated to an energy of 660 MeV, anda-particles accelerated to 840 MeV. 
To compensate for an increase in the mass, the period of the accelera- 
ting field in the synchrocyclotron was changed. How many times was 
this period changed (for each accelerating cycle) in operation with 
(1) protons, (2) a-particles? 
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ANSWERS AND SOLUTIONS 





Chapter 1 


PHYSICAL FUNDAMENTALS OF MECHANICS 


1. Kinematics 


1.1. The average velocity of the car is determined from the formula Jau 
where l=1,+1¿=01f, +uztg. According to the conditions of the problem, 


ugt vy 


==>. Thus, Ja a 60 km/h. 

1.2. =}, where i=1 += a, According to the given condi- 

1 2 
i axes J=-—— n2 
tions, ibs + Thus, v= T = 1 peas PS km/h. 
20, 203 

1.3. (1) 12.3 km/h, (2) 0.83 m/s. 

1.4. (1) 3 m/s, (2) 1 m/s, (3) 2.24 m/s. 

1.5. (1) The airplane must fly southwest at an angle of = 3°52’ to the 
meridian with the velocity v=798 km/h, (2) northwest, p=3"52"”, v=798 km/h, 


(3) westward, v=746 km/h, (4) eastward, 
v= 854 km/h. 

1.6. (1) 30 min, (2) 30.2 min, (3) 26.8 min. 

1.7. i v=0.60 m/s, (2) t=250 seconds. 

1.8. (1) v,=14.7 m/s, (2) h=11 m. 

1.9. (1) £=2.9 seconds, (2) h, =44=40 m. 

1.10. (1) 8.4 seconds, (2) 7.3 seconds, 
(3) 7.8 seconds. 

1.11. The relationship between the height h, 
velocity v and time £ for a body thrown ver- 
tically upward is depicted in Fig. 68. 

1.12. (1) The distance traveled by the body 
during the first 0.1 second of motion is 

2 


Fig. 68 h,=-£l = 0.049 m. (2) The entire distance 
will be traveled by the body during 

=2 seconds. During the last 0.1 second of motion the body will 
cover the distance h¿=hk—hz, where hy is the distance covered by the body 





ok 


t= 
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2 
during t¿=(2—0.1)=1.9 seconds. Since h= 2% 17.7 m, the distance sought 
ha=19.6—17.7=1.9 m. 

1.13. (1) The first metre of the distance will be covered by the body during 
the time f,= m =0.45 second, (2) the total duration of falling 


t= 2h =2 seconds, The last metre of the distance will be traveled by the 
body during the time f¿=t—t,, where f¿ is the time required to cover the 
distance h¿=(19.6—1)m=18.6 m. Since t,= 2h 


time sought t= (2— 1.95)=0.05 second. 
1.14. (1) h=57 m, (2) t=3.4 seconds. 


2 
1.15. The distance traveled by the body A is hi =0 E and that tra. 


2 
veled by the body B is h, =% . The distance between the bodies x = h— (h, + h)). 


=1.95 seconds, the 


Since A,+fg=0,t, the relation sought is x=A—v,t. The bodies will meet at 


x=0, i.e., at the moment of time t= 
1 
1.16. (1) a=0.13 m/s?, (2) ¿=3.6 min. 


1.17. The following two equations of motion are true in uniformly variable 
motion 


3 
sw + (1) 


and 
v=v,)-+at (2) 


From the conditions of the problem v=0. Hence from equation (2) 
vo 


By inserting Eq. (3) into (1), we find that 


s=% (4) 


Substitution of the numerical data in (3) and (4) gives 


a= —0.5 m/s? and s=100 m 


1.18. (1) a= —0.055 m/s?, (2) s=566 m. 
1.19. ¢=30 seconds, $= 225 m. 


1.20. t= Yo "0 since the time / must always be greater than 0, the 





2 
problem has a ‘solution if v >%, 


” , 


v — 
1.21. a= or % In our case a=1 m/s?. 





16* 
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1.22. (1) v= (2—6t-+ 12f) m/s, a=(—6+ 24t) m/s*, (2) s=24 m, v=38 m/s 
and a= 42 m/s?. 

The distance s, velocity v, and acceleration a of the body versus the time t 
are shown in Fig. 69. 

1.23. v=7 m/s, a=4m/s?, The distance, velocity and acceleration of the body 
versus the time are depicted in Fig. 70. 





Fig. 69 Fig. 70 


1.24. 0,=3 m/s, 0,=5 m/s, 03=7 m/s, ay = Gy = y= 2 m/s? 
1.25. (1) In 12 seconds, e) a=0.64 m/s?. 
1.26. The motion of the stone thrown horizontally can be resolved into two 
components: a horizontal one s, and a vertical one sy (see Fig. 71). Using the 
law of he, independency of motion, we have 
g 


sy =H= 2 


> , Sy=0pt, where ¢ is the duration of 


25, 
motion. Hence: (1) t = ge seconds, 
(2) Sy=20pt = 33.9 m, (3) vy =gt = 22.1 m/s 
eae v 
and v=Y/ 01 Fv3=26.7 m/s, (4) sin p= = 


= 0.827, p=55°48', 
1.27, (1) A=1.22 m, (2) vo=10 m/s, (3) v= 
Fig. 71 = 11.1 m/s, (4) p=26%12". 
1.28. (1) v,=11.1 m/s, (2) p=68%12". 
1.29. v, =4.4 m/s. 
1.30. Since the horizontal component of the velocity of the stone is constant, 
the horizontal component of the acceleration is zero. For this reason the full 
acceleration of the stone is constantly directed vertically downward and is equal 


to the gravity acceleration. Thus, a=g=V a?+a%. Figure 72 shows that 


=% 2% 0 ana gt 
cos p= = a and sin p= E Hence a=g8 7 = 


g ° V viter 
x 

— L. b: t j . 
y on Substitution of numerical values in these formu 
las gives a¿=5.4 m/si and a, =8.2 m/s?, 





and a, =g ox 
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1.31. R= 305 m. 
1.32. (1) Let us find the maximum height s,.,,,, which the body will rise to 


i Huon with the velocity vp at an angle of a to the horizon. We have (see 
ig. 73): E 


E Uy = Up sin a—gt (1) 
an 
bai ge 
Sy =Uot sin a (2) 


At the top point v,=0 and from Eq. (1) we obtain uv, sin a=gt,. Hence, when 


the ball rises, fa By substitu- 
ting this value for t, in Eq. (2), we get 


_ vsinta 
Sy max 7 2g j 


=2.1 m. 





Fig. 72 Fig. 73 


(2) Let us find the distance Sx.max covered by the body projected at an angle 
of @ to the horizon. We have (see Fig. 73): 


Ug = Up COS UL (3) 
Sx = Uyt = Vot COS Q (4) 
: : 20, sin a 
The body will drop onto the ground after the time ¢, = 2¢; = —"———... By sub- 


stituting this value for t, in Eq. (4), we get 
y? 
Se mar = sin 2a = 10.0 m 


(3) t¿=2f, = Qsina _ 1.3 seconds. 
vg sin 2a 


1.33. Since s,= + then ae whence s=s 4, where g, and 


& are the gravity accelerations in Leningrad and Tashkent, respectively. The 
insertion of numerical data gives s, = 16.23 m. 

1.34. 5.9m. 1.35. h=7.4 m. 

1.36. Let us find the time during which the body will rise to the top point 
of its trajectory a A 0 second. Hence it can be seen that in 
=1.25 seconds the body will be descending. Now, the problem can be formu- 
lated as follows—the body is thrown horizontally with the velocity v = Vo cos a = 
= 12.7 m/s. Find the tangential and normal accelerations in £’ = (1.25 —0.75) =0.5 
second after motion begins. Thus we obtain a problem similar to Problem 1.30. 
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Upon solving it in the same way, we get 
v 2p £ 
a =g Z= 3.5? m/s; a,= 29.15 m/s? 
V (vo)? + g(t’)? 
Check whether the total acceleration of the body directed downwards is equal 


to the gravity acceleration g (see the solution of Problem 1.30). 
1.37. R=6.3m. 1.38. v9 = 9.4 m/s, a= 54°44’, 





Fig. 74 


1.39. The motion of the body thrown from the height H at an angle of a to 
the horizon can be divided into two stages: the motion of the body to the highest. 
point A (see Fig. 74) and the motion of the body thrown from the point A 
horizontally with the velocity v,=v,cosa@. The height AC which the body 

2 sin? 
rises to is AC=sy=H-+h=H+ 50S 
(1) The time during which the stone will be in motion t=f,-+f¿, where 


Hina is the time required for the stone to reach the height A, and 


2s, 
i= y > is the time during which the stone falls. Upon inserting the nume- 


rical data, we obtain sy=27.9 m, f,=0.77s, ty=2.395, Hence t=3.16s. 
(2) The distance fróm the tower base A ae the stone will drop to the 
v3 sin 
ground OD=0C-+CD; here 00 == 0.96 m= 10m, CD=0,t,= 
= Vla cos a =31.1 m, whence OD =41.1 m. 


@o=V vz +04, where v,=0y cos .=13.0 m/s, vy=gt,=23.4 m/s, whence 
u=26.7 m/s. 

(4) The angle formed by the trajectory of the stone with the horizon at the 
point of fall can be found from the formula v,=0, tan p, whence tan q = 


vy 
So ke and p=61". 
1:40. (1) The ball will strike the wall when it ascends, (2) y=2.1 m, (3) the 
ball will reach the wall with a velocity whose components are equal to v, = 
= Vo cos a=7.07 m/s and v,=vp sin a— gt = 2.91 m/s, respectively. Hence v = 


=V 040) =7.6 m/s. 

1.41. mM 7.26 x 10-5 rad/s, (2) 14.5 10-5 rad/s, (3) 1.74 x 10-3 rad/s, 
(4) 1.19 10-* rad/s, (5) 7.8 km/s. 

1.42. v=231 m/s. 1.48. v= 1,660 km/h. 1.44. v= 400 m/s. 

1.45. r=8.33 cm. 


t= 
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1.46, The following two equations of motion apply to uniform variable rotation 
at? 


and 
O = O + at (2) 


According to the given condition, wy=0, and equations (1) and (2) will take 
the form 


__ af? 
TSD (3) 
and 
o=at (4) 
Upon solving equations (3) and (3) simultaneously and bearing in mind that 
q=21N, we finally obtain a= p=? rad/s?. 


1.47. a =1.26 rad/s?, N =360 rev. 

1.48. a =—0.21 rad/s?, N =240 rev. 

1.49. 10 seconds. 1.50. (1) In 6.3 seconds, (2) 9.4 rev. 

1.51. According to the given condition, a;=const. If ¢ is calculated irom the 
beginning of motion, then 


v 
=T (1) 
Further 
y? 
on = (2) 
From Eqs. (1) and (2) we have 
ss 
a V a,r (3) 
(1) If a, =a,, we have from Eq. (3) t= = =2s. 
LS t 
(2) lí a,=2a,, then t= V ll =2.8 s. 
i vtt? 


2 
1.52. a= ap = 0.1 m/s?, 1.53. C= vaa =0-01 m/s?. 


1.54. o =4.4X10% rad/s, a, =9.7x 10% m/s?. 

1.55. (1) In uniformly variable rotational motion the angular velocity @ is 
related to the time £ by the equation 0 =w, + at. According to the initial con- 
dition, oy =0 and hence w@=at, i.e., w grows in proportion to time. At the 
end of the first second o=3.14 rad/s. 

(2) Since v=or, the linear velocity is also proportional to the time. At the 
end of the first second v=0.314 m/s. 4 zat 

(3) The tangential acceleration a;=ar does not depend on £, i.e., it is con- 
stant during motion. In our case ay =0.314 m/s?. p , 

(4) The normal acceleration 4, =0w?*r=a?ffr, i.e., it grows in proportion to 
the square of the time: when t=1 s we have a, =0.986 m/s?. 

(5) The total acceleration increases with time according to the law a = 


=V ai taz=a, Vp or. When f=1 s, we have a=1.03 m/s* 
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(6) We have sin y= sudd oa where y is the angle between the direc- 


l +03 

tion of the total acceleration and the radius of the wheel. At the initial moment 
of time, i.e., when (=0, we have a=a; and the total acceleration is directed 
tangentially. When t=00, we have a=a, (since a;=const a, is proportional 
to the square of the time), i.e., the total acceleration is directed. normally. 
At the end of the first second sin y=% =M 0.305, i.e, y= 17°40. 

1.56. a, = 4.50 m/s?, a;=0.06 m/s?. E 

1.57. v=4 m/s, a¿=2 m/s*, a, =2 m/s*, a=2.83 m/s?, 

1.58. a 0.43 rad/s?. 

150. 1-86 
ay itat 

1.60. (1) 0o=14 rad/s, (2) v=1.4 m/s, (3) a=12 rad/s?, (4) a¿=1.2 m/s, 
An =19.6 m/s*. 

1.61. Aa¿=0.3 m/s?. 


1.62. The angle is determined from the equality tan y=, where a; is the 
n 





1 m. 


2 
tangential and a„ the normal acceleration. But qat and ae . Therefore 


dt r 

art at By inserting in this formula 
the values of ¢=0, 1, 2, 3, 4 and 5 seconds, we obtain: (1) ¿=0, tan y=0o, 
i.e., y=90° and the total acceleration is directed tangentially, (2) t=1 second, 
tan y=3.13 and y=72°17’, (3) t=2 seconds, tan y=0.7 and p=35%0", (4) t=3 
seconds, tan y=0.278 and y=15°32’, (5) t=4 seconds, tan y=0.14 and 
y=7"58', (6) t=5 seconds, tan y=0.081 and y=4"38'. When ¿=00, tan y=0, 
i.e., y=0 and the total acceleration is directed normally. 


1.63. r=1.2 m. 1.64. Ti =0.58. 


in the conditions of our problem tan y= 


2. Dynamics 


2.1. A descending balloon is acted upon by the lifting force F, (upwards), 
the force of the air resistance F, (upwards) and the weight of the balloon Fs 
(downwards). Since the balloon moves uniformly, the resultant force according 
to Newton’s first law is zero, i.e., 


Fi+Fy=Fs (1) 

When the ballast is dropped and the balloon begins to ascend, we have, instead 
of equation (1), 

F¡=PF34 (F3—Fx) (2) 


By solving Eqs. (1) and (2) simultaneously, we get F,=2(F¿—F,). Ín our 
case Fy==1,600 kgf =1,6009.81 N, and F,=1,200 kgf=1,200x9.81 N. Hence 
F,,=7.85X 10° N=800 kgf. 

2.2. (1) The load being lifted is acted upon by its weight G directed down- 
wards and the thread tension T directed upwards. Using Newton’s second law 
= ap i po a load being lifted, we find ma=T—G, and the tension of the 
hread wi 


T=ma+G=m(a+g) (1) 


In our case m=1 kg, a=5 m/s? and g=9.81 m/st, By inserting these values 
in Eq. (1), we obtain T=14.8 N=1.51 kgf. 
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(2) The load being lowered is acted upon by the weight G (downward d 

the thread tension T (upwards). Therefore ma=G—T, Ahente í En 
T =m (g—a) (2) 

lf the load is lowered with the acceleration g (free falling), i.e., if a=g, the 
thread tension will obviously be zero. By inserting the numerical data in Eq. (2), 
we obtain T=4.8 N=0.49 kgf. 

2.3. a=1.25 m/s?. 
a cl (1) a=4.9 m/s? (the lift is going up), (2) a=2.45 m/s? (the lift Is going 
own). 

2.5. ag =13.8 m/s?. 

2.6. The problem can be solved either"with the aid of Newton's second law, 
or of the law of conservation of energy. 

(1) According to Newton’s second law 


F=ma (1) 


where F is the braking force, m the mass of the automobile, and a its accele- 
ration (negative in our case). Since the automobile is uniformly retarded, we can 
easily obtain from the kinematics of uniformly variable motion: 


2s 
a= (2) 
and 
2 
vo = > (3) 


Ss the solution to Problem 1.17.) By substituting for a in Eq. (1) its value 
rom Eq. (2), we get 


2sm 
Pa (4) 


In our case s=25m, m=1,020 kg and ¢=5 s. By inserting these data in Eqs. 
(3) and (4), we get vy=10 m/s=36 km/h and F =2,040 N=208 kgf. 
(2) When the automobile is braked, its kinetic energy is transferred into work 
against the braking force, i.e., 
2 


mo _ 
q =Ps (5) 
But from the equations of kinematics 
2 
=> (3) 
By substituting for vp in Eq. (5) its value from Eq. (3), we obtain as before 
2sm 
F=- (4) 


2.7. F=2.77x10 N. | 
2.8. (1) F=3,000 N, (2) F=3.0x10¢ N, 6) F =3.0X 108 N. 
2.9. The force which should be applied to the car is spent to overcome fric- 
tion and to impart acceleration to it, i. e., F=Fyp-+ Fac. But Fyp=fG, where 
G is the weight of the car and f the coefficient of friction, and Fac = ma = 
=—a. Thus, F =[0 e Since the car moves with uniform acceleration, 
5 265 


s=%. Hencea=7 and then, finally, F=f6+ In our case f=0.05, 
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G=16 tonf=16x9.81 x 103 N, s=11 m, g=9.81 m/s? and ¢=30 s. Upon insert- 
ing these data, we obtain F =8,200 N. 

2.10. vg=11.75 m/s. 

2.11. (1) F=6,000 N, (2) in 50 seconds, (3) s=375 m. 


2.12. According to Newton’s second law, F=ma, but a=¥. In our case 


v= = — B+2Ct—3Dt??, and, consequently, a=“ —2c—ept. Hence 


F =ma=m (2C—6Dt) =0.5 (10—6t) N (1) 


Equation (1) gives the relation between the force F and the time t. At the end 
of the first second F=2 N. 

2.13. m=4.9 kg. 2.14. F=—0.123 N. 

2.15. FAt=5.6x 10-28 Nos, 

2.16. According to Newton's second law, FAf=mAvu, where Av is the vectoral 
difference. Assuming the direction of the external normal N to the wall (Fig. 75) 


Y, Vy N 
Y yer vı oL 


& vz 
1X AV 
~ 


(a) (b) 
Fig. 75 


positive, we get Av= v, cos æa—(—v cos a) =v, cos a+u cos œ. According to 
the initial condition, v,=v,=v and hence Av=2ucosa. Thus, FAt= 
= 2mv cos q = 2.8 XxX 10-23 N.s. 

2.17. 0.51 s. 

2.18. F=86 N. 

Note. During the time ¢ the wall is struck by the mass of water in a cy- 
linder with a length of {vt and a cross section of A, i. e., m=pAvt, where p 
is the density of the water. 

2.19. (1) Uma =21.6 km/h, (2) 1=73s, (3) a= —0.098 m/s?, (4) s=218 m. 

2.20. (1) F,=980 N, (2) F¿=3,000 N. 

2.21. a=14", 

Note. The resultant of the forces of gravity and inertia should be perpen- 
dicular to the surface of the liquid. 

2.22. a=6%30'. 2.23, f=0.15. 

2.24. Let us denote the weight of a unit of rope length by Gy. Hence the 
weight of the hanging part of the rope G,=G,)X0.25/. This weight is balanced 
by the force of friction acting on the part of the rope which lies on the table, 
F r= fGo0.751. Thus, Go0.25/ = fG,0.75!, whence pape 0.33. 

2.25. (1) The power developed by the engine of the automobile running up 
the grade is spent to overcome the force of friction and the component of the 
force of gravity parallel to its path (Fig. 76): F=Fys,-+F,, where F y. =[F3 = 
=/Gcosa, and Fy=Gsina. Thus, the tractive effort is 


F=G (f cos a+ sin a) (1) 
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Upon inserting the numerical data and bearing in mind that sina 0.04 and 
cos æ œl, we obtain F =1,370 N. 

(2) When the automobile runs downhill F=G (f cos a —sin a) =590 N. 
If the force of friction is less than the component of the force of gravity paral- 
lel to the route, i. e., if Gf cosa < Gsina, 
then F <0. In this case, a retarding force 
must be applied for the automobile to run 
uniformly downhill. If no such force is ap- 
lied, the automobile will run downhill with 
he acceleration a=g(sina—f cos a). 

2.26. F =2,370 N. 

2.27. (1) f<0.07, (2) a = 0.39 m/s?, 
(3) t=22.7 s, (4) v=8.85 m/s. 


2.28. f=tana — 


2.29. f=0.5. 
2.30. (1) The force G,—G, imparts to the two weights the acceleration 





Fig. 76 


0 
2gs cos & 


— A—Gs _g(m,—my) 


Q M: +M mı + m3 (1) 


Upon inserting the numerical data, we obtain a=3.27 m/s?. 
i (2), The equations for the movement of the weights G, and Q, can be writ- 
en thus 


ma=mg—T, (2) 
ma =T,— meg (3) 


(see the solution to Problem 2.2). From Equations (1), (2) and (3) it is easy to 
obtain that 


_q _2m Mg _ 
A a N. 


231. (1) a MÍ 78 44 m/s? 
1 


m,+my 
(2) T,=7T, me ED 4 N 
2.32. (1) Ms m/s? 
(2) TmT =el tsino =7.35 N 
2.33. (1) a Gng osole =2.02 m/s* 
1-7, E (l+ (sin a +f cos a)l tenat cos Ol 7,77 N 
2.34. (1) e 103 m/s? 


e __mymgg (sina +-sin B) _ 
rr 5 N 
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2.35. (1) abin B—} cos B)— ms (sina +f cosa) 2 _ 9 044 mse 


My — Mz 
(2) T,= T, =” [sina +sin B+ f (cos a—cos f)} —6.0 N 
My + Mz 
2.36. The work W is performed to increase the potential energy of the toad 
and accelerate it, i. e., W =mgh+ mah = mh (g+ a), whence a= — meh 


In our case W=8 kgf-m=8X9.81 J, the mass m=2 kg, and h=1 m. Upon 
inserting these data, we obtain a=29.4 m/s?. 

2.37. Ten times. 2.38. (1) W,=21.0 J, (2) W,=64.0 J. 

2.39. Ap=—3.5 kg-m/s. 2.40. f=0.01. 

2.41. (1) W=2.25Xx 108 J, (2) s=375 m. 2.42. v<50 km/h. 

2.43. 1 os. 2.44. W =35.6 J. 2.45. m=0.06 kg. 

2.46. With a mean engine power of P and an average speed of v the work 


performed by the engine over the distance s is ==> where y is the 
engine efficiency. The amount of petrol required to do this work is m=+= 


= 7s, where q is the heating value of the petrol. In our case P=15 hp = 


= 15X736 W, s=105 m, q=4.6X 107 J/kg, y =0.22 and v=30 km/h =8.35 m/s. 
Upon inserting these data, we obtain m=13 kg. 

2.47. y =0.22. 

2.48. The change with time of the kinetic, potential and total energy of the 
stone thrown vertically upward is illustrated in Fig. 77. 


E 


ESE IN A eN 


Fig. 77 Fig. 78 


2.49. The change with distance of the kinetic, potential and total energy of 
the stone thrown vertically upward is illustrated in Fig. 78, 

2.50. E,=E,=98.1 J. 

2.51. Ey=32.2 J, and E,=39.4 J. 

2.52. (1) E¿=6.6 J, E =15.9 J, E ¿=22.5 J, 

(2) E¿=5.7 J, E, =16.8 J, Ef, =22.5 J 

Let us note that according to the law of conservation of energy E, p= Eoi = 
= 22.5 J. 

2.53. t= 1.5 seconds, sy = 19.1 m. 2.54. ay=0.1 m/s?. 

2.55. The pa energy of the body sliding dowh the inclined plane trans- 
forms into kinetic energy and work against the friction forces, i. e., 
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mv? 2 
mgh Saat F pri. But k=/sina and F,,=fmgcos a, where f is the coeffi- 
cient of friction and a is the angle of inclination of the plane. 


2 
(1) E,= 7 =mgh—F pl = mgl (sin a—f cos a). ln our case sina = 


me 
T= 
0.1, i. e., a=5%4", Therefore cos a =0.995. Upon inserting the numerical data, 
we obtain Eg=4.9 J. 
2Er 
(2) v= el m/s. 


(3) The kinetic energy of the body at the base of the plane is transformed 
into work against the friction forces along the horizontal portion of the 
route, i. e., 


Eg = F frs = fmgs, whence s= =10 m. 


2.58. f=0.07. 2.57. (1) f=0.22, (2) Q=5.7 J. 
2.58. (1) W=7x108 J, (2) P=29.4 kW. 
2.59. The power developed by the vehicle engine is determined from the formula 


P=Fu= [Gu 
(1) Over a level road 
P=fGv=6.9 kW 


(2) When the vehicle runs uphill it has to overcome the force of friction and 
the component of the force of gravity parallel to the route (see the solution to 
Problem 2.25), i.e., F =G (f cos a + sin a). Consequently, P = Gu (f cos a+ sina).. 
In our case sina=0.05. Since @ is small, it may be assumed that cos a = 1, 
and thus P=11.8 kW. 

(3) When the vehicle runs downhill, the power developed by the engine will 
be P=Gu (f cos a—sina)=1.98 kW. 

2.60. For the vehicle to run downhill with its engine shut off at a constant 
speed, the force of friction should be equal to the component of the force of 
gravity parallel to its route, i.e., fmg cos a= mg sina, whence f=tangæ. The 
power developed by the engine when the vehicle runs uphill can be found from 
the formula P=Fu=Gu (f cos a +sin a). By inserting f=tan a in this formula, 
we obtain P=Gu2sina=11.8 kW. 

2.61 (1) When the flat car is standing, the initial velocity of the shell 
relative to the Earth is obviously equal to its velocity relative to the cannon. 
From the law of conservation of momentum we have 


(my + my + mg) 0, = Mavo + (M, + M2) Vx (1) 


where m, is the mass of the flat car, m, the mass of the cannon, and mg the 
mass of the shell. In our case v,=0. Equation (1) can thus be written as 


vy = — —2*- =— 3.33 m/s=—12 km/h 


The minus sign shows that if the direction of motion of the shell is positive, 

ie Uy > 0, then v, < 0 and the flat car begins to move opposite to the direction 

of the shell. me 
(2) If the shell is fired in the direction of motion of the car, the initial 


velocity of the shell with respect to the Earth is v=%+%, and then the law 
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of conservation of momentum gives 


(Mi + Mg + mg) v = My (Vo +01) + (M, + M3) Vx (2) 


whence 


(Mı +m, + M3) vı — m; (Vo +01) 
0, = 6 km/h 
X mi +m / 

Let us note that v, > 0, i.e., the car continues to move in the same direc- 
tion, but with a reduced velocity. 

(3) If the shell is fired in the direction opposite to the motion of the car 
and ve > 0, we have v, < 0. Equation (2) now becomes 


. — (M, + mM: + My) vı = My (Uy —01) + (mM, + mo) Uy 
or 
— AM 4 ma 4 Ma) 01 — m3 (00) _ __ 49 km/h 
mi +m 


Let us note that v, and v, are directed identically (v, <0 and v, < 0) and the 
car therefore continues to move in the same direction but with a higher velocity. 

2.62. v=0.6 m/s. 2.63. (1) v=5.14 km/h, (2) v=1.71 km/h. 

2.64. (1) v=17.8 km/h, (2) v=53.5 km/h, (3) v= — 17.8 km/h. The minus 
sign shows that the car continues to move in the direction opposite to the shell 
but with a reduced speed. 

2.65. v= —12.5 m/s. 

2.66. (1) 0.67 m/s, (2) 0.83 m/s, (3) 0.5 m/s. 2.67. s=0.3 m. 


Ox 


2.68. E,=49 J. 2.69. At=0.58 s. 2.70. F=20.0N. 
2.71. (1) 284 m, (2) 71 m, (3) 1,770 m. 2.72. Ez =1.5X105 J. 
2.73. (1) uv, PEELS m/s, (2) 0, =0.6 m/s and v,=2.6 m/s. 


2.74. mos f 


mo? 





2.75. Before the collision the first body had the kinetic energy E,= 
After the inelastic impact both the bodies began to move with a common velo- 


city O . The kinetic energy of the two bodies after the impact became 


3 2,2 
E, (tm) n T. The difference E,;—E, is equal to the amount 





2 2,2 
of heat evolved during the collision: Q= AE = Mt mat 


i 2 2(m +m) 
ing the numerical data, we obtain Q=12 J. 
2.76. E,=5.62 J, E,=0.62J. 2.77. E=7.5J. 2.78. 1.25 times. 
2.79. (1) h¡=5Xx10-3 m, h¿=0.08 m, (2) h=2X10-? m. 
2.80. v=550 m/s. 2.81. /=0.64 m. _ 
2.82. Q =0.188 J=0.045 cal. 2.83. p=0.75 N-s. 
2.84. (1) h=0.5 m, (2) Q=1.48 J. 
2.85. A ball falling from a height of kh, reaches the floor with the velocity v, 
and rebounds from it with the velocity Yeh, where & is the coefficient of 
2 2 
restitution. Since mgh, = OL and mgh, = 2 , then Ue 08 kor R3, ie, 
2 2 h vo 
hg=hh,. The interval of time from the moment of the fall to the second impact 
is t=t,-+2t,, where ¢, is the duration of falling from the height h, and ¿y is 


. Upon insert- 
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the duration of falling from the height hz. Since t, = y? 2h and t, = V 2h, Š 
g 


t YE 
=k y, then t= y a+, whence k=-————__£- . In oúr case 
aya 1 
2% 


pole s, and #=1.3 s. Upon inserting these numerical data, we find 
that k=0.94. 
2.86. (1) A=0.84 m, (2) t=1.4 s. 2.87. k=0.9. 
2.88. (1) p=0.17N-s, (2) Q=37.2x10-3J. 
2 
2.89. The kinetic energy of the first body before the impact E, =T and 
that of the second body E,=0. After the impact the kinetic energy of the two 


bodies E EA where u is the total velocity of the bodies; u = 





2 
Sa Therefore Eer Hence the kinetic energy transformed 
during the impact into heat is 
BELT mio =" ( __M ) 
z 2 2(m +m) m+ m, 


and the ratio sought is 








Fy—E m my 
E, mtm m+m 








(1) If m =m, then ASE (2) if m,=9m,, then Eı—E Lo. 


1 


2.90. The kinetic energy of the first body before the impact Em and 
that of the second body E,=0. After the impact the second body acquires the 








kinetic energy E == , where m= t, Thus, the first body imparts the 
1 ma 
7 2 
kinetic energy E to the second body The ratio sought is 
1 2 


E» A 4m,ma 
E, (m +m)” 


(1) When m =m, the ratio B 1, (2) when m, = 9m, we have £2 0.36. 


5 E, E, 

2.91. (1) m= , (2) Ta. 2.92. 1.4 times. 

2 

Av_ 2 2 
2.93. (1) =n, o Ee 

mu? 

T a or 
2.94. x= —— = — = —=0.34 per cent. 

m g E 
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2.95. 1 h 25 min. 2.96. F=245 N. 2.97. (1) v=2.43 m/s, (2) at the highest 
point T=0, at the lowest point T =39.2 N. 

2.98, v= y 3E 2.4 rev/s. 2.99. m=0.5 kg. 

2.100. v=59 rev/min. 2.101. T=1.96 N. 2.102. f=0.2. 

2.103. (1) 1, 1,600 m, (2) r,=711 m. 2.104. a=22, 

2.105. a=1". 2.106. (1) v, =2 rev/s, (2) v¿=1.5 rev/s. 2.107. v=47 km/h. 

2.108. At the moment the weight passes, through the position of equilibrium, 
the tension of the thread T=m + Besides, mgh= a 
v=V 2h. But (Fig. 79) h=!—l cosa =1(l—cos a). 
Hence at 2gh = T agi (1 — cos q) = 2mg (l — cos a) 
and T =mg [1 +2 (1 — cos æ)} = 12.4 N. 

2.109. (1) a = 45°34, (2) T =632 N, (3) v=6 m/s. 

2.110. (1) a =60", (2) 2.3 times. 

2.111. T=3G. 2.112. a=60", 2.113. h=2 m. 

2.114. The lateral pressure of the water 


whence 





F 
P= (1) 


Fig. 79 where F is the centrifugal force, d the pipe diameter 
and / the length of the part of the pipe acted upon 
by the pressure. Further 


LR (2) 


where 
m=plA (3) 


is the mass of the water in the volume Al (A is the cross-sectional area of the 
pipe and p is the density of the water). The velocity of the water v can be 
determined from the formula 


M 


where M is the mass of the water flowing through the pipe cross section A 
during the time £. Upon inserting Eqs. (2), (3) and (4) into Eq. (1), we obtain 
p= red AP * or, after inserting the numerical data, p=56.0 N/m* 

5 


2.115. p=1,250 N/m?. 
2.116. The work performed during compression of the spring is determined 
from the formula 





e 
w=— ( Fae (1) 
0 


where e is the deformation in compression. According to the given condition, 
the force is proportional to the deformation, i. è.. 


F=—ke (2) 


where k is the coefficient of deformation determined by the stiffness of the 
spring and equal numerically to the force causing a unit deformation. Upon 
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8 
inserting Eq. (2) into Eq. (1), we obtain W= È kede =t, In our case 
29.4 : 
k= 0.01 N/m=2,940 N/m, and e=0.2 m. Upon inserting these values we get 
W =58.8 J. 


2.117. In static deflection G=kx,, where G is the weight of the load. 
Hence kat, When this load is dropped from the height A we have 


Pa qa 
G(h+x)= >= 7 or x?—2xox—2xh=0. Solution of this equation gives 
— 
x=X + V x3 2xoh : 
(1) If A=0, then x=2x)=4 cm, (2) if hA=100 cm, then x=22.1 cm. 
2.118. 4,=1.23 m. 2.119. 10 graduations. 2.120. 7.4 kgf. 








2.121. 0=3.6 km/h. 2.122. v=22.1 m/s. 2.123. L1=%2. 
Ez k 
2.124, ¿tal =6xX10-? m, i. e., the load should be attached at a distance 
of 6 cm from the, frst spring. 
max 
2.125. F= TN. 
2.126. The tension of the cord (see Fig. 80) is equal to T=- = 5.7 N. 


The tension T stretches the cord by Al, and T==RAl. Therefore met 
= 9.5x10-3 m. It can be seen from Fig. 80 that k 


l T 
ESF í) 
But 
2 
F=T sina = = tnt (2) 
From (1) and (2) we have (=p 7.25 10-2 m. 


Thus, the length of the stretched rubber cord is [= 
=72.5Xx10-3 m and its length before stretching (y= 
=1—Al =63X 10-3 m=6.3 cm. 

2.127, [= 10.8 cm. 

Note. The potential energy of the lifted load is trans- 
formed into the work of stretching the cord and the 
kinetic energy of the load. 

2.128. The ball floats in equilibrium if its weight 
is equalized by the Archimedean force, i. e., if G= 
=Farcho OF Fig. 80 

mg = PyVoS (1) 
where o is the volume of the ball segment with the height A submerged in 
the water in equilibrium, pọ the water density, and m the mass of the ball. 
Obviously H +h=r, i. e., the radius of the ball. If the ball is submerged into 
the water to a depth of x, the Archimedean force will exceed the weight of the 
ball, and the resulting force pushing the ball out of the water will be equal to 


Px=F arch — "8 (2) 





17—3574 
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The work must be performed against the force F,. Obviously, 
F arch = Pog (3) 


where v, is the volume of the bali segment with v8 ee (A+ x). an Eqs. 
1), (2) and (3) we have F,=t,g— Polos = Pog (01 — V0) = PogUx, Where uz is 
iad vain ume of le layer of the ball with the height x. | The volume of a spherical 


segment with a height of /, as is well known, is equal to v= ml? (3r—l) 
where r is the radius of the ball. Therefore the volume of the layer of the ball 
ús 4 n (x+h)? Br—(+A)—< h (3r—h). Hence 





Py= pague = PS [3r (x+ A3 — AP (Br — A] (4) 


The work which must be performed against this force when the ball is submerged 
to its diametral plane will be 
H 
ee f F dx (5) 


0 


After inserting Eq. (4) into Eq. (5), integrating and S membeiing that H+h=r, 
we obtain, upon inserting the numerical data, W =0.74 J. 

2.129. W =0.17 J (see the solution to Problem 2. 128). 

2.130. W =0.84 J (see the solution to Problem 2.128). 


2.131. 9 = 4% Ad Ps)” 7.84 J. Here Po is the density of water and p, 


that of ice. 
2.132. F=1.86x 10-44 N, 2.133. E=— 3.8X10-19 J. 


2.134. y=L_-—6.7x10-1 m9kg-s?. 


4npR 
2.135. 
Planet | kein | Planet om | die | di kgym* 
Mercury 5,500 Jupiter 1,320 
Venus 4,800 Saturn "710 
Earth 5,500 Uranus 1,260 
Mars 3,900 Neptune 1, 600 


2.136. The rocket will be attracted by the Earth and the Moon with the 
same force at a distance of a 4x105 km from the Earth's surface. 

2.137. g =0.1652 pgr1 

2.138. The “period of ostffiations of the mathematica! pendulum will increase 
2.46 times. 

2.139. The force of attraction between the body and the Earth is equal to 


F=y pa where m is the mass of the body, M the mass of the Earth, and R 
the distance between them. Near the Earth's surfaca R is equal to the Earth's 
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radius and F=mg. Hence 
mM 
Fumg= Yar 0) 


When the body moves around the Earth in a circular orbit, the force of gravity 
is centripetal Thus, 


mu? 
=r o) 
Therefore the velocity sought 
= y a =V¿R=7.9x10% m/s=7.9 km/s 


2.140. For the body to depart from the Earth, its kinetic energy should be 
sufficient to overcome the potential energy of the forces of gravity, i. e., 


mu? mM 
NES (1) 
But near the Earth’s surface y= [see equation (1) of the solution to the 
2 
previous problem]. Therefore, 7 => mgR, whence the velocity sought is 


vz V 2gR. Upon inserting the numerical data, we obtain v=>11.2 km/s. 
2.141. 





Planet | nta | knis | Planet | ka | tye 
Mercury 3.0 4.25 Jupiter 42.6 60.4 
Venus 7.2 10.2 Saturn 25.7 36.4 
Earth 7.9 11.2 Uranus 15.2 21.5 
Mars 3.57 5.05 Neptune 16.6 23.5 


2.142. v=30 km/s. 














2.143. 
h, km v, km/s T 
0 7.91 l h 25 min 
200 7.79 1 h 28 min 
7,000 5.46 4 h 16 min 





2.144. (1) T= y 2e. where p is the density of the central body and 
y is the gravitational constant. 


17* 
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(2) 
Planet T. hours | Planet | T, hours 
Mercury 1.41 Jupiter 2.86 
Venus 1.50 Saturn 3.9 
Earth 1.41 Uranus 2.94 
Mars 1.66 2.61 


Neptune 
| 


2.145. a, =9.20 m/s?. 2.146. T,=7.8 hours, T¿=31.2 hours. 
2.147. At a distance of 35,800 km from the Earth's surface. 
2.148. v=1.7 km/s, T=1 h 50 min. 

2.149. v,=1.7 km/s, vg=2.4 km/s. 

2.150. On the Earth’s surface 


where R is the Earth’s radius. At the altitude A above the surface 
mM 





mg = VRE Gh 
From Eqs. (1) and (2) we obtain 
3 
Lo (3) 
Equation (3) gives the relationship between a and the altitude A. Let us 
denote Ln. Hence, from Eq. (3) we have m4orn+ (RE) m0, Upon 
solving this quadratic equation, we find that h= —R + 72 . Since A must 


R 





be greater than zero, take the solution with the plus sign, i. e., h= —R +4 


n 
In this case A will always be positive, since n < 1. Upon inserting a= 0.25, we 
find that k=R, i. e., gy=0.25g at an altitude equal to the Earth’s radius 
Let us note that if h<R, equation (3) may be written as 

Aa. Re yh 

g (REI R 

2.151, At a distance of 13,600 km from the Earth's surface. 

2.152. 2 times. 

2.153. Assume that the mass oi the body at the distance A from the Earth’s 
surface and at the distance r from its centre is m. According to the assumption 
mM, á 

a where M, is the mass of 
a sphere with the radius z and a density equal to that of the Earth Since 


M=% ar3p, where p is the Earth’s density, thęn mg, = ym -$ sup. On the 





made in the Problem, we can write F, =mg, = y 
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4 
Earth’s surface F=mg= y ae ym 3 aRp. Hence the relation between £2 and 





the depth A will be ot = st , whence h=R (1-2). if £10.25, 
then h=0.75R. g E 
2.154. h=2H. 
2.155. According to Kepler’s third law 
Ti Ri 
Ti R . 


Since we are interested in the period of revolution of a planet of the solar 
system, it will be good to take the Earth as a planet with known values of T, 
and Ry. (Let us note that if Kepler’s law is applied to artificial satellites of the 
Earth, it will be natural to take the Moon as a satellite with known values of 
Ta and R,.) In our case T¿=12 months, Ra=1.5X108 km. According to the 
given condition, R,=1.5X10% km+4-24X10% km=1.74x10% km. From Eq. (1) 
3 
T,=T, V $) =15 months = 450 days. 
2 

2.156. v=27.6 km/s, T =450 days. 

2.157. (1) R¿=1.46x 108 km, (2) T¿=104 min. 

2.158. T=88 min. 

2.159 Let us take the ring element dl (Fig. 81) The attraction between this 


2 
parar, The force dF is 


element and the mass m at point A will be dF =y a 





Fig. 81 


directed along the line x which connects the ring element di to the mass m. 
Obviously all the forces dF should be summed geometrically to find the force 
of attraction by the entire ring. The force dF can be resolved into two compo- 
nents dF,, and dF;. The components dF, from each two diametral elements are 


mutually cancelled and hence F= È dF, But dF; =dF cos a=dF £ and 


2nR 
_(L op ympar?L _ ympariL2aR 1 
P= (E dp RN a PAE a) 
0 
But x=Y R?24+L? and finally 
— 2Wympr RL (2) 
(RF Lp 


2.160 it can be seen from formula (2) of ¡the previous problem that if L=0, 
then F=0. It is easy to see that the function F first grows and then begins to 
diminish, with an incrèase in L. Let us find the maximum of the function F. 
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Upon expressing the variable quantities x and L through the angle a, we have 
x= 





Sia! L=x cos @= TRG cos Hence formula (2) of the previous problem 
will become 
__ 2n®ympr? cos a sin? a 


F R 


=C cosa sin? a 

To find the maximum of the function F let us take the derivative ci and equate 
it to zero. We have Æc (2cos?a sin a —sinta)=0, whence tan? a=?2. Con- 
sequently, the distance L at which the force F is maximum is equal to 





- cos AE (1) Figure 82 shows the nature of the relation- 
sin a tana y2 


ship F=f (L) (it is convenient to T L cm along the axis of abscissas and 
x04 N along the axis of ordinates), 

F (2) Lmax =14.1 cm, (3) F max=4.33X10~1 N. 
2.161. 1.3. times 


3. Rotational Motion of Solids 


3.1. (1) 9.7 X 103? kg. m?, (2) 7 X 1033 kg- m?/s. 

3.2. (1) 1;=63.5x10-8 kg-m?, (2) l,= 
=62.5x10-3kg-m?, (3) 5=1.6 per cent. 

3.3. The resulting moment of the forces 
under the action of which the disk rotates is 


M=Fr—My, (1) 


According to the basic law of dynamics, this moment is related to the angular 
acceleration of the body by the equation 


Fig. 82 


M=lIa (2) 
where 
mr? 
I=- (3) 


is the moment of inertia of the disk. From Eqs. (1), (2) and (3) it is easy to 
find the mass of the disk mE. In our case F=98.1 N, r =0.2 m, 
a = 100 rad/s?, and M , =0.5 kgf-m=0.5X9.81 N-m. Upon inserting these values, 
we obtain m=7.36 kg. Thus, the weight of the disk G=7.36 kgi =72N. 

3.4. a=2.35 rad/s?. 3.5. F=4.0 N. 3.6. M=100 N-m. 

3.7. (1) a=7.8 rad/s?, (2) in 1 min 20 s. 

3.8. v=23.4 rev/s. 3.9. (1) M=513 N-m, (2) N =600 rev. 

3.10. The weight G, moves down under the action of two forces: G,— its own 
weight (directed downwards) and T,—the thread tension (directed upwards). 
Therefore, for the weight G, we have 


ma=mg—T, (1) 
The weight G} moves upwards with the same acceleration a under the action of 


the following forces: G,—its own weight (down) and T,—the thread tension 
(up). Therefore, for the weight G, $ 


m,a = Ta — mg 


(2) 
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The thread will be stretched on both sides of the pulley differently, and the 
difference in the tensions T,—T, will create the moment rotating the pulley. 
By using the basic law of dynamics, we obtain 


a 


(T,—Tyr=/0=1-5 (3) 
where 
Mr? 
zea 4) 


In formula (4), M is the mass of the pulley. 
(1) Upon solving Eqs. (1), (2). (3) and (4) simultaneously, we find 


G,—G, _ 4G,—G, 
Lo M 
met m+ mbm ta 


a= 


(5) 


Substitution of numerical values gives a==2.8 m/s?. If in equation (5) we assume 
M=0, i. e., the mass of the pulley is neglected, we shall obtain the solution 
to Problem 2.30. 

(2) By inserting Eq. (5) into Eqs. (1) and (2), we obtain, respectively, 


Gi (2m, ++) 
O © 
Mi + Ma + 73 


and 
1 
G: (2m, +3) 
I 
mtm +77 


If we assume that /=0 (M=0) in Eqs. (6) and (7), we shall again get the 
solution to Problem 2.30. Upon inserting the numerical values, we obtain 
T,=14.0 N and T¿=12.6 N. 

3.11. The problem can be solved in two ways: (l) by using the basic law 
of dynamics of rotational motion (see the solution to Problem 3.10), and (2) by 
using the law of conservation of energy. The solution in the first way is to be 


T= (7) 


done independently; the answer is a= T? m/s?. Upon using the second 
way, let us reason as follows; when the load is lowered, its potential energy 
diminishes and passes into the kinetic energy of the load and the kinetic energy 
of rotation of the drum. Thus, 

2 3 
my lo (0) 


mgh=-y— + -7 








2 u 
where / is the moment of inertia of the drum. But since /= Me and a, 
where r is the radius of the drum, equation (1) may be written as 


m Mè q M 
mh== +33 = 7 (m+) (2) 
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Since the load is lowered under the action of a constant force, the motion of 
the load is uniformly accelerated and therefore 


at? 


and 
v=at (4) 
Upon inserting Eqs. (3) and (4) into (2), it is easy to obtain 
_ mg _ 7 
Oat T MS 


3.12. /=9.5 kg-m. 
3.13. (1) In 1.1 seconds, (2) E¿=0.81 J, (3) T=4.1 N. 


3.14. TT = + (la—M yr)= 1,080 N. 


3.15. (1) =3.53 m/s?, (2) T,=6.3N, T¿=4.5 N. 

Check whether Problem 2.31 can be solved by using the formulas giving the 
solution to this problem. 

3.16. The kinetic energy of the disk consists of the kinetic energies of trans- 
lational motion and rotational motion, i.e., 


mu lo? 


Bea ta o 
y mr? v f P : 
But since lor and o=—, where m is the mass of the disk and r its ra- 
2 
dius, equation (1) takes the form E= tE Substitution of the numerical va- 


lues gives Eg = 24.0 J. 
3.17. Eg=0.1J. 3.18. E,=29.4J. 3.19. Q=2.51x 10-3 J. 


3.20. ô= EL E2 40%. Here E, =E + Epot; E= Et. 
3.21. W =355 J. 3.22. 3.8 kg-m?/s. 3.23. E=253 J. 
3.24. 4.1 m. 3.25. h=2R 4% (142 =7.56 m. 


3.26. W = 3.2n37'pv? 34.1 J. Here p is the density of the copper. 
3.27. When a body slides down an inclined plane its potential energy is 
transformed into kinetic energy. Thus, 





mu. lo? 
megh == +37 (1) 
where / is the moment of inertia of the body and m is its mass. But 
h=! sin a (2) 
u 
= (3) 
Upon inserting Eqs. (2) and (3) into Eq. (1), we obtain 
Isi _v I 
mgl sina=7 | m+ (4) 


Since the bodies move under the action of a constant force, their motion is 
uniformly accelerated, and therefore 


l=- \ (5) 
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and 
v=al (6) 
Upon solving Eqs. (4), (5) and (6) simultaneously, we obtain 
mgsin a 
= (7) 


By inserting the expressions for the moment of inertia of various bodies in 
equation (7), we find: 


(1) for the ball a=? gsin a= 3.50 m/s?; 

(2) for the disk a=2g sin a =3.27 m/s?; 

(3) for the hoop a=> gsin a = 2.44 m/s?; 

(4) for the body which slides off the inclined plane without friction we have 
a=g sin a=4.9 m/s?. 


3.28. -/ ame" - (1) 2.65 m/s, (2) 2.56 m/s, (3) 2.21 m/s, (4) 3.13 m/s. 
3.29. (1) The translational velocity of the cylinders at the base of the in- 
clined plane is determined from the formula 
cay 2mgh (1) 
I 


(see the previous problem). The aluminium cylinder, whose moment of inertia 
is smaller than that of the lead cylinder, will attain a higher velocity at the 
base of the inclined plane and will roll down it faster. 

(2) The moment of inertia of the aluminium (solid) cylinder is 


h= (2) 





Pri Let us 
z 


The moment oi inertia of the lead (hollow) cylinder is /,=m 
find the internal radius r, of the lead cylinder. According to the initial condi- 
tion, the masses of the two cylinders are the same, i.e., plnr? = pln (r?—ri), 
where I is the length of the cylinders, p, the density of aluminium and p, that 
of lead. Hence han, In this case the moment of inertia of the lead 
2 
cylinder 

ioe 2P3— P1 (3) 

P? 
Substitution of the numerical values (see the tables in the Appendix) gives 

1,=9X10-4 kg.m?, /,=15.9x10-4 kg.mi, 
(3) Since the cylinders roll down under the action of a constant force v=at 


at? h vt 
and (<a oo Hence mna > and 


o A_ (4) 
vsin a 
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Upon inserting Eq. (1) into Eq. (4), we finally obtain 








¡y > (m+) 
t=—— — (5) 
sin a mg 
Upon inserting Eqs. (2) and (3) into Eq. (5), we obtain t= = z = 0.78 
WA 
Ls ; _ 2 = 
second for the aluminium cylinder, and pe = z = 0.88 


second for the lead cylinder. 
3.30. (1) a= —0.21 rad/s?, (2) Mp, =0.42 N-m, (3) W =630 J, (4) N =240 rev. 
3.31. (1) /=0.01 kg.m3, (2) Mp, =9.4x10-2 N-m. 
3.32. (1) M,,=308 N-m, (2) t=100 seconds. 3.33. h=0.865 m. 


2 
3.34. Ey = 20 — 490 J. 3.38. a1= Tb =5 seconds. 
1 


2413 
8.96, Ey= "AF —1,92x 108 J=1.92kJ. 
3.37. By the angle a= 81°22’. 3.38. v=7.1 m/s. 
3.39. @, =, = 14 rad/s; (1) ¥, = 1.05 m/s, (2) Ug = 2.10 m/s. 
3.40. From the Jaw of conservation of angular momentum we have 


1,0, = /,@, (1) 


where /, is the moment of inertia of the platform with the man standing on 
its edge, /, the moment of inertia of the platform with the man standing in 
its centre, œ, and @ are the angular velocities of the platform with the man 
standing on the edge and in the centre, respectively. We have 














2 
i= a + mr? (2) 
and 
2 
h= mat (3) 


where r is the radius of the platform, m, the mass of the platform and m, the 
mass of the man. Upon inserting Eqs. (2) and (3) into Eq. (1) and remembe- 
ring oat @=2nv, where v is the number of platform revolutions per second, 
we obtain 


mr? mr? 
1 + myr? ) 20v, = 20v, ~ 
2 2 
whence 
mır? +2mr? m +2m a 
v= vy AE = y mt2ms _ 99 rev/min 


mr? m 


3.41. W = 162 J. 3.42. v=2] rev/min. 3.43. 1.05 times. 
3.44. v=0.49 rev/min. 3.45. T=1.16 s. 3.46. T=1.07s. 


3.47. r= TKE _ 0.446 m. 3.48. T=1.5 s. 
3.49. The period of small oscillations of a mathematical pendulum is 


1 
T,=21 VÍ \ (1) 
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and that of a physical pendulum T4 =2n oe , Where / is the moment of 


inertia of the ball with respect to the axis of revolution, m the 
ball and ! the distance from the centre of the ball to the point of Minion, 


In our case =z mr? + ml? = ml? | +3 +y] =ml?x, 
Hence 
le 
T,¿=21 E (2) 


From Eqs. (1) and (2) we have Be Vx. The error in assuming the suspended 
ball to be a mathematical pendulum will be 


QT Tr, Tas, yo 
LN aa nr =Vx—1 


2 (rv? 1 5 
Hence x= I+ 7) =(1+ 6)? or T” y [41 +81] (3) 
In our case 60.01. Upon inserting it into Eq. (3), we get q <0.0224. Since 


r => =0.02 m, the minimum distance from the centre of the ball to the point 


of suspension [=0.089 m, and the minimum length of the thread L=!—r = 
= 0.069 m=6.9 cm. 
3.50. 1.05 times. 


4. Mechanics of Fluids 


4.1. v=0.12 m/s. 

4.2. Let us denote the cross-sectional area of the vessel by A, and the velo- 
city with which the water level drops in it by. v}, the cross-sectional area of 
the hole by A, and the velocity with which the water flows out of the hole 
by v,. According to Bernoulli’s theorem 


pri _ ph 
p +p eh E 2 











or 
vi + 2gh= 02 (1) 
With a view to continuity of the stream v,A, =U3Ag, or 
n=% (2) 
2 
By inserting Eq. (2) into Eq. (1) and solving with respect yak we obtain 
__A, V 2gh __ nD? _ nd? _ dV 2gh Since 
Taal Since A=" and A,= T’ then AY Did 
d* << D4, then approximately 
a — 
a= ar V 2gh (3) 


Let us note that if d=D, then o=} 2għ. When 4=0.2 m, 4,=8X10~* m/s, 
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4.3. In beth cases the jet of water falls onto the table at a distance of 
0.4 m from the vessel. 

4.4. (1) v=0 m/s, (2) v=1.04 m/s, (3) v=1.25 m/s. 

4.5. (1) The velocity with which the water level sinks in the tank 
o (see the solution to Problem 4.2). Here y is the water level 

A¡—A 

(variable) in the tank. During the time dí the water level in the tank will 
sink by 











dy=udt=C Y y dt (1) 
= h 
A, V 2g dy 1 f dy 
where C= —2£=2.. From (1) dt = = SN : . 
e Vana ( cV; whence t=% f a: It is sug 
gested that integration be carried out to the end to obtain the answer 
aaa 
vaa y) rl) —] 
pa 2V RV AAS HA d 180 s=3 min 
A V 2g g 


(2) It is easy to see that if the water level were kept constant in the tank 
at a height of hA=1 m from the orifice, the time of outflow of the same amount 
of water would be halved. 

4.6. d=1.4x10-2 m. 4.7. p=2.5x105 N/m? =2.5 at. 

4.8. v=1.4 m/s. 4.9. Ah=1.6X10-3 m=1.6 mm. 

4.10. 3 times. 4.11. v=4.1 m/s. 4.12. n =2 N-s/m?, 

4.13. 4 min. 4.14. n =1.09 N-s/m?, v=1.21x10-3 m?s. 

4.15. The velocity with which the level oí the castor oil sinks in the vessel 
depends on the rate of flow of the oil through the capillary tube. The volume 
of the oil flowing during the time t through the capillary tube is determined 
from Poiseuille’s formula 
arttAp 

Bln (1) 
In our case the pressure difference at the ends of the capillary tube is due to 
the hydrostatic pressure of the layer of the liquid, i. e., 


Ap=pgh (2) 


V= 


On the other hand 

V=A,yt = not (3) 
where v, is the velocity with which the oil flows through the capillary tube. 
From Eqs. (1), (2) and (3) we have 
_ rpgh 
1= Bi (4) 
But since v¡A,=vA, where vu is the velocity with which the oil level sinks 
in the vessel, and A is the cross-sectional area of the vessel, then finally 


v 


— —— = =U. = -6 
v SMRT ` When h=26 cm=0.26 m, we have v=3X107—5 m/s. 


4.16. t=1.5 min. 4.17. At a distance of 1.1 cm. 4.18. D=4.6 mm. 

4.19. In the conditions of the problem the Reynolds number is equal to 
Re = 1,800, i.e., Re < 3,000 and motion is laminara 

4.20. D <= 0.085 m. 


Chapter 2 


MOLECULAR PHYSICS AND THERMOD YNAMICS 


5. Physical Fundamentals of the Molecular-Kinetic Theory and 
Thermodynamics 


5.1. T=280°K=7°C. 5.2. V=7.6x 10-3 mi. 
5.3. M=1.13 kg. 5.4. T=364°K=91°C. 5.5. V=3.1x1072 m3, 


5.6. AM = 14? 75 kg 5.7. M=0.065 kg 5.8. M=1,200 kg. 
5.9. 1.1 times. 


M 5x10-4 
5.10. (1) Y == Rn = 


(2) v=" RT,=775 J (2) 





x8.31 x 108 x 273 J = 567 J (1) 


Take different values of V and use equations (1) and (2) to obtain the corres- 
ponding values of p. 


5.11. See the solution to the previous problem. 5.12. a 0.4 kmole 


5.13. py= 1.08 108 N/m*, p=1.16x 105 N/m?. 

5.14. When the capillary tube is in a horizontal position, each half contains 
air having a volume V¿= Ah and a pressure po, where A is the cross-sectional 
area of the capillary tube. After the capillary tube is placed vertically, in its 
upper half the volume of the air V= A (h + Al) and the pressure is p,. Accord- 
ing to Boyle-Mariotte’s law, Vo pp =V; pi, oF 


hpo=(h+ Al) p, (1) 
Similarly for the bottom half of the capillary tube 
hpy =(h—Al) p (2) 


In this case the pressure pe in the bottom halt of the tube is composed of the 
pressure p, and the pressure of the mercury column pz, i. e., 


P2= Pı + P3 (3) 

By solving equations (1), (2) and (3) simultaneously, we obtain 
_ Ps (h— ^l) (h+ Ab) 4 
A hi 


In equation (4), py will be expressed in the same units in which the pressure py 
is measured. Let us express the pressure ps in millimetres of mercury column. 


Ín our case p¿==200 mm Hg, h==2=04 m and A¿=0.1 m. By inserting 


these values in Eq. (4), we get pp=375 mm Hg. 
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5.15. According to Archimedes’ law, the loss in weight of a body submer- 
ged in gas is equal to the weight of this gas in the volume of the body. The 


volume of lead with the mass M is Yo: where p, is the density of lead. 
1 
The air in this volume weighs mp Eee. The volume of cork with 
1 
the mass M is v=” , where pe is the density of cork The air in this volume 
2 


weighs mg— bere The actual weight of the lead G,=g(M-+m,) and that of 
2 


the cork Ga=2g(M+my), and AC =0,—0¡=eg (mw NOME A) = 


p 
= 58.6 N = 6.0 kgi. a 
5.16. The resulting lifting force of the balloon is equal to the difference 
between the weight of the air in the volume of the balloon and the own weight 
of the balloon (the weight of its envelope and the hydrogen contained inside). 
Thus, F= Mag—(M,g-+<x), where F is the resulting lifting force, Mz the mass 
of the air in the volume of the balloon, M, the mass of the hydrogen in the 
volume of the balloon, and x is the weight of the envelope. According to the 


initial condition, F=0, and therefore x=g(M,—M)=g BE (Hath) = 





4 ps PE =1)= z -3 
=3 Wo (2 —H1)=0.096 N=9.8x 1073 kgf. 
-M -mM 3 = 3 
5.17. P= = RT ==0.083 kg/m’. 5.18. p=0.081 kg/m?. 


5.19. p =4 kg/kmole. 5.20. p=1.6x10-14 kg/m3, 5.21. 1,400% K. 
5.22. The state of a gas is determined from the following equations: 
before heating 


M 
pV, =— RT, (1) 
p 
and after heating 
M 
PV=T RT, (2) 


According to the given condition, p,=P2=p The quantities sought can be 
found from equations (1) and (2): 





_ MRT _ =3 m3- BPV: é 
(1) V= RD =2.4x10-3 m3; (2) T= "MR =1,170° K; 
= PR 3. oo LHP? 3 
(3) ap kg/m3; (4) pz RT, 1 kg/m”. 
5.23. p=1.55x 108 N/m?, p=500 kg/m’. 
pp 


5.24. L=RF When T=const, p=Cyp, i.e., p is directly proportional 


to p. When p=const, p= i. e., p is inversely proportional to T 

5.25. According to Dalton's law, the pressure in the vessel after all the 
water is evaporated will be p=p,+ pe, where p, is the pressure of the oxygen 
and pz the pressure of the water vapours According to Mendeleyev-Clapeyron’s 
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equation 
__ M¡RT _ 1.6x8.31 x 103x773 da 
MRT _ 0.9x8.31x 103x773 CE oe 
P=, SCS N/m? = 3.2 108 N/m? 


and the total pressure p=6.4 105 N/m?. 
5.26. According to Dalton’s law, 


Pp=P1+Px3 (1) 


where p, and pz are the partial pressures. If the temperature is constant 
Py (VitVs)=poV, and pa(V,+Va)=P0V2, whence 





_ PoVx 
=y e 
and 
E Po Va 
aVV, a 


Upon inserting Eqs. (2) and (3) into Eq. (1), we get 


— PoVi+poVs _ r 
p= v, +V; =1.4X105 N/m 
5.27. p=4.15 108 N/m?. 
mı +m, 
5.28. (1) [== =4.6 kg/kmole, (2) V=11.7x107—3 mi, 
my 


p 
5.29. m=2.5x 10-9 ‘kg. 
5.30. If the iodine molecules were not dissociated, the pressure in the vessel 
would be 
__MRT _ 10-3x8.31x10%x 1,273 
py 254x0.5x 1073 


lí the degree of dissociation is a, the vessel contains 2 kilomoles of atomic 


N/m? =625 mm Hg 


iodine | and (1 yA kilomoles of molecular iodine I,. The pressures they 
create are equal, respectively, to 





__ 2aMRT _ (1—a) MRT 
P= — iV and p= uV 
and the pressure of the mixture 


MRT T 
dao += R atiam +0) MRT — pita) 








l+a =p magl? and a =0.12 


5.31. 2 =1.25. 
p 
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N 


.32. p=1.2 em p,=0.21x105 N/m?, p3=0.79Xx105 N/m? 
«33. p= 1.98. kg/m? 
.34. (1) m i 67x 10-2? kg, a m=6.65x 10-27 kg. 
35. 5.6 10-23 N-s. 5.36. 3.3x 10-28 Nos. 
37. 2X 10-23 kg-m/s. 5.38. 3.3 1022 5.39. 7.5x 101% cm”3, 
40. 21027. 5.41. 3.4105 cm-3. 
.42. The gas pressure p in the vessel is related to the number of molecu- 
les n in a unit volume of this vessel by the ratio 
NkT 

p=nkT——- (1) 
where N is the total number of molecules in the volume V. Since these N mo- 
lecules form a monomolecular layer on the wall of the vessel, 


NS Ol da Go 


RUANO an a 
Sa 


A 
N= € (2) 
where 
Ay = 4nr? (3) 


is the surface of the vessel and A—the cross-sectjonal area of one molecule. 
The volume of the vessel is 


4 
Vaz iv (4) 


Upon inserting Eqs. (2), (3) and (4) into Eq. (1), we obtain 


3kT 
Ar 6) 


or after inserting the numerical values in Eq. (5) 
p=2.4 N/m3=1.8x10-? mm Hg 
5.43. lí the degree of dissociation is a, the vessel contains 2a kilomoles 
of atomic iodine | and 0-07 kilomoles of molecular iodine l, The total 


number of kilomoles in the vessel is equal to 2 + and the number 
of the particles sought will be 


M M 
N= 2a —+(1—a) — 
val ak añ 


Upon inserting the numerical values, we obtain N=3.56x 1021 
5.44. N=4.5x 1028. 
5.45. (1) V=3.2x 10-3 m3, (2) p,=7.37x10-4 mm Hg, pz, =2.63x 10-* mm 
Hg, (3) n=2.6Xx 1013 cm-3, 
V 2 
01 


V -2 
5.48. Vol =5x 108 m/s. 5.49. n=42x 1018 cm-3 
5.50, p=3 PB =5x 10 N/m2. 5.51 1.44x10? times 


5.46. V 1500 m/s 5.47. =2.65. 


5.52—5.73} MOLECULAR PHYSICS AND THERMODYNAMICS 273 


5.52. m V 0° = Y 3kTm=6.3x10-2% kg-m/s 

5.53. (1) Vo* = 230 ms, (2) N=1.9X10?8, (3) p=5.0 kg/m’. 

5.54. V 0 =4.6x10-3 m/s. 5.55. p=0.74 kg/m. 

5.56. (1) Vv? =1,900 m/s, (2) w=2 kg/kmole. 5.57. N= 1.88x 1022, 

5.58. The energy of the thermal motion of gas molecules is determined from 


the formula 


Mi 
Eq RT a) 


ror a biatomic gas i=5, where i=3 relates to translational motion of the 
molecules, and ¿=2 to rotational motion. Upon inserting the numerical values 
into aa of ‘we obtain E=3.7X108 J, including Eyp=2.2X108 J and E, = 
= 1.5x E 

5.59. E=210 J. 5.60. E,y,=8.3x10% J. 5.61. E=750 J. 


5.62. (1) m=2E —2.5x10-3 kg 
v 


(2) p= a =1.67x108 N/m? 
5.63. (1) T =29,000°K, (2) T =900°%K. 
5.64. E= F =5x 10 J. 5.65. N=1.3x101%, E=0.133 J. 
5.66. (1) cy =650 J/kg-deg, (2) cp=910 J/kg-deg. 
5.67. (1) 800 J/kg.deg=0.19 cal/g-deg, 
(2) 1,025 J/kg-deg=0.245 cal/g-deg, 
(3) 970 J/kg-deg=0.23 cal/g-deg, 
(4) 1,040 J/kg-deg = 0.248 cal/g-deg, 
(5) 103 J/kg-deg == 0.025 cal/g-deg. 
5.68. 1.4, 5.69. u=2 kg/kmole. 
5.70. cy =650 J/kg-deg, cy =910 J/kg-deg. 
5.71. cy =693 J/kg-deg, cp=970 J/kg - deg. 
5.72. It can be seen from the equation 2H,-++-O,=2H,O that three kilomo- 
les of biatomic gases after reaction produce two kilomoles of a triatomic gas. 


Therefore Co=3x5 R and Cp =3x5 R before combustion, and Ci=2x $ R 


and C5=2xF R after combustion. Hence. 


Co Cp 
1) =1.25, (2) —P=1.31 
(1) E ( Cr 


5.73. The quantity of heat needed to heat 2 E kilomoles of atomic oxygen 
and (1—a) x kilomoles of molecular oxygen at a constant pressure is 
Q=20 z CpAt+(1—a) = Coat =% cpt 


where Cp and Cp are the molecular heat capacities of a monoatomic and a 
biatomic gas, respectively, and C, is the molecular heat of the mixture (with 
p==const). Whence 


2aCp-+(1—a)Cp=Cp 


18-3574 
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or . 
z Cp Crp, 

2Cp—Cp 

Here, Cp=cpp=1,050x32  J/kmole-deg=33.6x10%  J/kmole-deg, Cp= 
=20. 78x10 J/kmole-deg, Cp=29.08x103 J/kmole-deg. Upon inserting these 


values in Eg. (1), we obtain œ = 0.36. 
5.74. cy =% J/kg-deg, cp= 139 sue deg. 5.75. a =230/.. 


5.76. cy=685 J/kg-deg. 5.77. Z=, .59. 5.78. M=60 kg. 
5.79. (1) The amount of heat received by the gas can be found from the formula 


(1) 


aQ= TC, (T¿—T,). To find T}, let us write the equation of state of the gas 


before and after heating: pV = RT, and v=% RT. Hence Ten. 





But y, = MRD and, therefore 
pp 
pVap__ 32x10x10- 3xX3Xx 105 sp 5 

y MR 10X10-3x8.31x 108 eR 

Thus, 
Ta— T, = 1,156°K — 283°K = 873°K 
and 
-2 3 
Mute, (T, — T) = 1072X 29-08x 103x 873 1 7 9,198 J 
u 32 
(2) The energy of the gas before heating can be found from the formula 
M i 
E, = T RT, (1) 


Since oxygen is a biatomic gas, ¿=5. Upon inserting the numerical values into 
formula (1), we find the energy of the gas before heating: E,=1.8X103 J. The 
energy of the gas after heating is 


Es= E g RT, =7.6x10 3 
5.80. Q =4.15 Xx 103 J. 
5.81. (1) At a constant pressure =p CpaT But pV, = RT, and 

















pV LRT, whence PAV aS RAT o Lar = 2, Hence, Q= 
piv u u R 
M M M 
(2) At a constant volume C CAT. But hikar RT, and PV = RT., 
whence VAp=% RAT or MAT = vap . Hence ‘Q =C, ee 


u 
5.82. (1) T = 1,500°K, (2) V=12.4 X 10-3 më, (3) Q=12.4 kJ. 
5.83. Q =545 J Š 
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5.84. ata AT, whence C = Aerm. 8X10? J/kmole: deg =5 cal/mole X 


x deg. Since oxygen is a biatomic gas, the value of Cx 
the gas was heated at a constant voline. PEE pho tat 


5.85. The amount of heat which should be imparted to the air can be deter- 
mined from the formula 


M 

u 
To find AT, let us write the equation of state of the gas before and aiter 
heating. Since V,=V¿=V, then p, == RT, and PV =Ë RT, whence 
VAp= a RAT, or 


_YApp 
Upon inserting Eq. (2) into Eq. (1), we find 
_ VA i 
Q= Cop? =F Vp 3) 
Substitution of the numerical data in Eq. (3) gives E J. 
5.86. (1) M= pares 10-3 kg, (2) AE=3.3 x 10-3! 
5.87 Q= AS =208 J. 


VAp 





=16.3 kJ. 
5.89 i=6. 5.90. (1) Q=6.25 kJ, (2) T¿=4T,, (3) pa = 4D}. 


5.91. (1) Q=102 J, (2) Vo? =1.57 x 10° m/s, (3) pa=1.33xX105 N/m?, 
(4) fie re oct kg/m, (5) E=4x10? J 
Q= 





5.93 (1) v=579 m/s, (2) V 0? = 628 m/s, (3) 0p,=513 m/s. 
5.94. T = 83° K = — 190°C 
5.95. The molecules are distributed by velocities according to the formula 





NS 7 e~@y2Au (1) 
where u is the relative velocity In our case v=100 m/s and Av=10 m/s. The 
most probable velocity op,= ZRT 76 m/s. Hence u = <= 575 and 

u3=0.071, e-%*=0.93 and u= Then, formula (!) a us a = 


= 0. 93 x 0.071 x a= .004 =: 0.4%. Thus, the number of molecules whose 


velocities lie within this range is 0.4 per cent of the total aa of molecules. 
This problem can also be solved with the aid of a diagram +747 =f(u) (see 
Fig. 83) plotted from the data in Table 9 on p. 62. In our case u=0.27 The 





18* 
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diagram shows that Te = 0.16 corresponds to this value of u. Since in our 
case Au=0.027, then AY 0.16 x 0.027 =0.004=0.4 per cent. 
AN A 


5.96. WV = 28% 5.97 AN 24.5% 









UR AEREA 
ara leido Nel 
ALi TT TT it tT Neal 
0 04 08 12 16 20 24 
Fig. 83 


5.98. AN: for any gas at any temperature. 
AN, 
5.99. (1) Upp= 487 m/s and at =3.4%, (2) 07, =731 m/s and 2.2%. 


In this way, as the temperature increases, the maximum of the distribution 
curve shifts to the right, and its value diminishes. 





0 04 08 12 16 20 24 


Fig. 84 


5.100. Since the range of velocities is great in this problem, Maxwell’s for- 
mula cannot be used. To solve this problem, proceed as follows: find the 
numbers of the molecules N, and N, whose velocities are greater than v, and vz, 
respectively. Obviously, the number of molecules sought will be N,=N,—N». 


The numbers N, and Ny can be determined from @ diagram aE =F (u) plotted 
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according to the data in Table 10 on p. 62 (see Fig. 84) In our problem 


2RT 300 
Opp = y E =500 m/s. Hence, Uy = 599 0.6 and m= =l.. From 
Fig. 84 for these values of u we find Mai 0.87 =87% and Ta = 0.17=17%, 


respectively. The data obtained show that 87% of all the molecules have velo- 
cities exceeding 300 m/s, and only 17% of the molecules have velocities excee- 
ding 800 m/s. Hence the relative. number of molecules whose velocities range 


from 300 m/s to 800 m/s is Na = 87% — 17% = 70%. 





5.101. (1) Ni 57%, (2) Na = 43%. The results of the solution show that 


the curve of distribution of the molecules by velocities is asymmetrical. 
5.102. NV, = 1.9 1022, 
5.103. For a molecule to have a kinetic energy of translational motion equal 


to Ey, it should have a velocity of uy, which satisfies the equation E E, 


2 
Hence vy) = ya Since the most probable velocity vp, = y PL = 
= yz the relative velocity of this molecule is u=-%= Fo 1.73, 
m Upr RT 


Let us use the diagram in Fig. 84 to find the relative number of molecules 
as whose relative velocity is greater than the velocity u==1.73. The diagram 
shows that ws =0 12. Thus, 12% of the oxygen molecules at the given tem- 





perature have a kinetic energy which exceeds the energy Ey The total number 
of oxygen molecules in the vessel ee ee 1.5 X 1028. Hence, the number of 
molecules sought N,=0.12N=1.8 x 1022, 

5.104. (1) T=7,730°K. (2) According to the given condition, Nz os. 


N 
The diagram in Fig. 84 shows that A 205 and this corresponds to a relative 
velocity oí u=1.1. But u= y E cee the solution to the previous problem), 


whence T = E2 =9,600° K. 
ku? 


5.105. T =15,700° K. 


5.106. The pressure $i the gas p diminishes with the altitude A according 
ug 


to the law p=poe FT, where p, is the gas pressure at the altitude 4=0. 
In our case p=29 kg/kmole, h=3.25 x 103 m, R=8.31 x 10% J/kmole-deg, 


T = 278° K, hence ver = 0A. Since e-°4=0.67, we finally obtain p=760 x 
X0.67 mm Hg=510 mm Hg. 

5.107. h=2.3 km. 

5.108. p,=0.354 atm, p2=0.713 atm, Ap=0.36 atm. 

5.109. 1.7 times. 5.110. (1) 1.28 kgf, (2) 0.78 kgf. 

5.111. (1) 4=5.5 km, (2) 4=80 km. 
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5.112. The barometric formula is 


-Beh 
p=pe £T (1) 
The concentration (number of particles in a unit volume) is equal to n= > 
whence 
p=nkT (2) 
By inserting Eq. (2) into Eq. (1), we obtain, respectively, tor the altitudes 
_ Bh _ Bh, 2 
hı and hg: y= nye “RT and Ng = Noe RT , whence 
n ug (hy— Ag) -Bg (hh) 
El RT ae RT or 
Ny 
my pg (ha—hı) 
log, n. a RT (3) 


Since the mass of a particle mae formula (3) can be written log, ZŁ = 


2 
= Name (hah) whence, taking into account the correction tor Archime- 


R 
des’ law, we finally obtain 


RT log, a 


= y —+2%--=6.1 x 10% kmole=! 
4 EV (p—P (hh) o eS 


where p is the density of gamboge and p' that of the liquid. 
5.113. 1=8.5 x 1074 m. 5.114. T=5.6 km. su T=9.3 x 10-8 m. 
5.116. z=4.9X 108 s-). 5.117. z= 2.47 x 109 s 
5.118. Z=3X 103. 5,119. 2.3 times. 5.120. bs m. 


5.121 T=>>%—=18x 10-08 m. 5.122. [= 14.2 cm. 
V2 n0?N sp 
5.123. The mean number of collisions per second of the oxygen molecules can 
be found from the formula iat , where v = y Ez and i,=i, 2 
‘Thus, ? 
y TE 
- Tu 
z= 1 
iB z 
1 
Pe 


According to the initial condition, >= 100, 1, =9.5 X 10-° m, and T =273° K. 


Upon inserting these data into Eq. (1), we obtain z= 4.5 X 10? s72, 
5.124. 2=9.6 x 10? $71, 5,125. T=2.3 X 1078 m. 


5.126. o= if =33.5 X 10-1 m. 


V2Na nlp 
5.127 t=1.6 x 1077 s 


N 
5.128. p=1.6 x 107? kg/m3, n=3.3 x 101% cm-2, [76.0 m. 
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5.129. So that the molecules do not collide with each other, the mean free 

path should not be smaller than the diameter of the vessel, i. e, l> D> 
1 

=> ———— . Hence n 4 5=———. Upon introducing th i 

V 2 non V2n0*D p g the numerical values, we 
obtain n< 1.7 x 1013 cm-3, 

5.130. (1) 7 x 10-3 mm Hg, (2) 7 X 10-4 mm Hg, (3) 7 x 10-5 mm Hg. 

5.131. p<3 Xx 10-8 mm Hg. 5.132. p & 9.4 x 1077 kg/m’. 

5.138. 2=— v= =9.2x 107 5-1 

1 3m 
5.134. D=0.91 x 10-4 m?/s. 5.135. D=8.4 x 1075 m?/s. 


l-- 1 8RT RT 
5.136.: D=— ul => / BRT ———_ At a constant pressure D—CT’/s 
3 3 V ap Vinotp P 
The diffusion coefficient versus the temperature at p=const is shown in Fig. 85. 
DA 
| 
| 
| 7 
| 
| | 
| | 
| | 
| | 
r 
Tı Te ui Tı Tz 
Fig. 85 Fig. 86 
5.137. M=2 X 10-6 kg. 5.138. M=9.7 x 10-8 kg. 
5.139. [1.84 x 10-7 m. 5.140. 4 =1.78 x 10-5 N-s/m?. 
5.141. We have 
az 
n= 3 up (1) 
where v= SR? is the arithmetic mean velocity of the molecules, T ee 
nu V 2 10?p 
is the mean free path and er is the gas density. Substitution in 
; __2k uT a 2k ere a m 
Eq. (1) gives N= Jno? Ra’ whence o ann Ri x m 


and o==3 X 10-10 m. 

5.142. n=4 v. Upon inserting here the expressions for u, l and p, we 
find n=CV T, where C is a certain constant. The coefficient of internal friction 
y versus the temperature T is shown in Fig. 86. 

5.143. D=1.48 x107—5 m?/s, n=1.85 x 10-5 kg/m:s. 
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5.144. 1.07 times. 5.145. n= = 1.8 X 102 m-3, 


5.146. (1) p=1.6 kg/m, (2) [8.35 x 10-8 m, (3) v= 440 m/s. 
5.147. v=2.72 m/s. 5.148. F=0.045 No ue 

e FR) 5 N-s/m2 

A 5.149. n= Invi Rr =1.8x10-5 N-s/m?. 


5.150. 1=0.090 W/m-deg. 
5.151. A=13.2x10-3 W/m-deg = 
=11.3 1073 kcal/m-h-deg. 


5.152. ha 4 Ulegp. By inserting the expressions 


for v, I and p, we find A=C YT. The nature of 
the relation A=/(T) is shown in Fig. 87. 


T 5.153. eave 
T, T; 3 


Fig 87 5.154. (1) 08, (2) B= 1.35, e) E =090 


5.155. so 26 N/m2=0.0096 mm He. 
5.156. (1) The thermal conductivity coefficient of the air will begin to depend 


on the pressure when [=d, where d is the distance between the walls of the 


- kT 
bottle. We have {= ——_——_ —_— 
V 2no2p V 210? d 


the numerical values, we get p=7.35x10-3 mm Hg. 
(2) (a) A=13.1x10-3 W/m-deg. (b) If p=10-4 mm Hg, the mean free path 


lis greater than the distance between the walls of the bottle. Hence À = L dupe y= 


3 
aad BRT pp Ri_ ig a y = z 
TS zd np RT rp = —> = 1.78X10-* W/m-deg. 


(3) In our case g=n7 naar. But AA=2nrh, where ratte Hence 


, whence p= when [=d. Upon inserting 


Q= nat 2x rh At. Upon inserting the numerical values, we obtain: (a) Q = 188 J= 


== 45 cal, and (b) Q=2.55 J=0.61 cal The actual losses will be greater due 
to convection. 
5.157, Q=5.7 kcal. 5.158. Q=78 J. 


5.159. (1) Q=2c,ar =7.82x 10° J = 1,890 cal, 


(2) AE=> pAV=5, 660 J=1,350 cal, 


(3) W =pAV =2.26Xx 103 J=540 cal. 
Us as could be expected, Q =AE +W on the basis of the first law of thermo- 
ynamics. 
5.160. (1) W=8.1x10%J, (2) A£=20.2x103J, (3) Q =28.3x108J (Q = 
= AE+W). 
5.161. AE=1,000 J. 
5.162. (1) AE=2,500 kJ, (2) W =830 kJ, (3) .Q =3,330 kJ. 


5.163. W =600 J. 5.164. Q=W (z+1)=550 j: 


5.165. At =57° C. 5.166. W = 13.2 J, AE =39.6 
5.167. (1) Q =3.32x108 J, (2) AE =2.49x108 J, (3) W =8.31x 10% J. 
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5.168. (1) Q=10.4 J, (2) AR=2.8 cm. 5.169. Q 360 J, 
5.170. W =720 J. 5.171. 2.72 times. 5.172. VG?=500 m/s. 
5.173. (1) W=70 J, (2) Q=W=70 J=16.8 cal. 

5.174. W =2.2x10ë J. 5.175. T=207° K=— 66°C. 

5.176. pı =9.5X 10% N/m?. 5.177. T = 865° K = 592 C, 
5.178. i =5. 5.179. t=123°C, p=52.8x105 N/m?. 


È $ 
5.180. T=780° K. 5.181. = 1.4. 


v 
5.182. (1) The diagram of the process is shown in Fig. 88. (2) V¿=0.25 titre, 
pa=1.32 at. 


Cc 
5.183. L=1.4. 
Cy M i 
5.184. In the adiabatic process AE=—W. (1) ES RTS, The 


temperature T, can be found from Poisson’s equation. After calculations 
we find that AE =— 2.69x108 J. (2) W = 
=— AE =2.69x 108 J. 

5.185. The work in adiabatic compression 


Me lv) 


and the work in isothermal compression 





M y 
m RT loge 7 
Whence 
(737 
W aa = Va (1) 
Wis ti—!) loge Fig. 88 
1 


In our case V,=107?* m3, V¿=2Xx1073 m3, x—1=0.4. Upon introducing these 
data in Eq. (1), we obtain e =1.4, i. e., isothermal compression is better. 
5.186. By 7°. 5.187. 1.15 times. 
5.188. (1) p=5 atm, T¿=273K, W=-— 1,140 J, 
(2) p2=9.5 atm, T¿=520? K, W=-— 1,590 J. 
5.189. (1) T2=T,=313 K=40"C, p2¿=2.0x105 N/m?, W=-—1,800 J, 
(2) T¿=413" K=140"C, pa=2.6Xx 105 N/m?, W =-— 2,080 J. 
5.190. (1) 2 times, (2) 1.64 times. 
5.191. The monoatomic gas will be heated more, ‘1.2 times. 


5.192. (1) = 1.33, (2) T,=270° K=—3°C, (3) W=2.3x 104 J. 
1 





c 
5.193. (1) p=4, Qp=4, where n=. The gas pressure p versus the 
vo 
volume V is shown in Fig. 89 by curve / for isothermal expansion and by curve 
2 for adiabatic expansion. 
5.194. (1) Q=1.55 kJ, W=0.92 kJ, AE=0.63 kJ, 
(2) Q=1.88 kJ, W=1.25 kJ, AE=0.63 kJ. 
5.195. The heat engine operating according to the Carnot cycle performs work 
equal to W=Q,—Q,="Q;, where Q, is the amount of heat received by the 
engine from the hot source, Q, the amount of heat rejected to the cold sink and 
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y the efficiency of the engine. In our case y A 3 Hence W =nQ, = 
1 
= 150 cal =630 J, and Q¿=Q,—W =450 cal =1,880 J. 
5.196. y =18 per cent. 
5.197. (1) n=26.8 per cent, (2) Q=27.4X104 J, (3) Q,=20.0x104 J, 
5.198. (1) n=20 per cent, (2) W=1.26x 103 J. 





Fig. 89 





5.199. The equation of the isothermal line AB (Fig. 90) takes the form: 


M 
pV =— RT 1 
eo (1) 
The coordinates of point A satisfy this equation, i.e., 
M 
pV, == RT, 
whence 
M_ pi, 7x1.013x105x2x10-3 e o 
WORT, = B31 x108X400 kmole = 0.427 X 10-8 kmole 
and then equation (1) becomes 
pV = 0.427 x 10-3 8.31 x 103x400 J =1,420 J (2) 
For point B 
_ pV __ 1,420 


— = ———__—_. 2 
== N/M =2.8 atm 


Since the coordinates of Po B and C satisfy the adiabatic line BC, then 
2 


x 
PaV% = p:V%, whence p= p, (7) =1.44 atm. The equation of the isothermal 
3 


line DC is Pe RT=py3V¿=1.44x1.013x1058x8x10-3 J=1,170 J. Hence 
T,= 330° K. Since the coordinates oi points D and A should satisfy the equation 
ape 


of adiabatic line DA, then (7) =F, whence V¿=3.22x10-3 m3 and 
1 2 


EN 1,170 
Pa= 399K 10-3 X1.013X 108 


(1) Thus, V,=2 litres, p,=7 atm, V¿=5 litres, y¿=2.8 atm, V¿=8 litres, 
p3¿=1.44 atm, V¿=3.22 litres, p¿=3.6 atm. 


atm=3.6 atm 
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(2) The work in the isothermal process AB is 
v=% RT, loge 120.427 x 10-3X8.31 X 10% X400X0.916 J=1,300 J 
1 


the work in the adiabatic process BC is 
_M RT Vi\*-1)_M RT, ( _T, 
Mee eH) [1-(+) In (0) 5 
the work in the isothermal process CD 





M Ves 
Wa= 7 RTs loge = — 1,070 J 


the work in the adiabatic process DA 
_M RT, ( 7)= 
Mir 2, =— 620 J 
(3) The work during the entire cycle v=) W , = 230 J. 
Pia? 0.175 = 17.5% 
: Ti 
(5) The amount of heat received from the hot source per cycle is 
W 230 
Q= oT 1,300 J=312 cal 
(6) The amount of heat rejected to the cold sink per cycle is 


Q,=Q,—W =1,070 J =256 cal 





(4) The cycle efficiency n= 


5.200. 2.1 times. 

5.201. During the reverse cycle the external forces perform the work W. The 
quantity of heat Q, leerd from the cold body together with the work W done 
is equal to a amount of heat Q imparted to the hot body. 

1T, 





(1) n=242=0.098, 
1 
(2) ===. Here W=37,000 J=37 kJ. Hence 


==” W =360 kJ. 


(3) Qi = Q: + W =397 kJ. Thus, the refrigerator will transmit to the hot body 
397 kJ per cycle, of which 37 kJ are due to the conversion of the work into 
heat and 360 kJ are transferred from the cold body. 

5.202. The quantities Mp Ne and ng are interrelated by the formulas n, = 

l zs 
=—_—__—,_ and = 
| —my i Ns 

= 0.083. 
5.293. 4.94 kg. ; f 
5.204. The heat Qo can perform the work W =n Qo, where na is the effici- 


ency of the heat engine; m-— 2 The refrigerator will impart to the 
w i TT, 
room the heat Q, el where na is the refrigerator efficiency, and M=— E 
3 1 


. In our problem n; = 1.09, ng =11.0, and n¿= 


Qi 122 Ya (T,—T) Ti : : A 
Hence = = 4 c = = -——_~ U inserting the numerical data, we 
Qo 13% ns (TiTa) Ti os £ 
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Qı Qo 


get a+ or Er i.e., when firewood is burned in the furnace the room 


receives one-third "of the heat received from the refrigerator consuming the same 
amount of firewood. 
5.205. A glance at Fig. 9 shows that 


V V,\*-1] 
V=p, Vi —V) + 43 1 dE - (7) |- 1,V0 
Upon inserting numerical data, we get W = 1.920 J. 
5.206. nı =20% and nz=30% 5.207. 104 cycles. 
5.208. y = T’ where W is the total work during the entire cycle and Q, is 


the amount of heat evolved during combustion of the fuel. Since W 4g =W g4 
and Wcp= W zg=0, then 


A OS 





x—1 Va 
But 
R Y, *-1_T, Ty 
«—] Ce. 800 (v) To Ts 
therefore 
M T 
Y == Co To—T ol ~7) 
M 
Further c= es (T¿—T y. Hence 
Ta 
w TT SR) L TT T 
=g; TaT, ES a 
=1— Ls 20412 =41.2% 


VA x= 
(v:) 
5.209. p=9.3Xx 105 N/m? and F =686° K =413°C. 5.210. n=1.3, 
5.211. (1) Obviously V, —V,= As, where Á is tbe cross-sectional area of the 


=P: 


cylinder and s is the piston stroke. On the other hand (7 Upon sol- 


ving these two equations: wh respect to V, and inserting numerical data, we 
find a V,=1.76x 1078 


*-1 
eL 7 (19 , whence T,= 680° K = 407° C, 
2 
PY T,—T, 
(3) V= So O , but V, =As4+ V¿=1.04x10-3m3 and W=243J 


T, 
5.212. (1) 36.7%, (2) 44. aie: (3) 49.6%. 
5.213. Knowing the consumption and calorific heat oí the petrol, let us find 
the actual efficiency nac; =0.216 22%. The theoretical efficiency is 


l 


n=l V,\"=3 
(+) 


Thus the losses due to friction, conductivity, etc., amount to 30% — 22% =8%. 


== 0.3= 30% 
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5.214. The work performed during a full cycle is 
W =Q, —Q: (1) 
where Q, is the amount of heat evolved during fuel combustion (CD in Fig. 11) 


and Q, the amount of heat received by the medium (EB). But since CD is an 
isobaric line, then 


a= ZC, (MTS (2) 


where T, is the temperature at the beginning of isobaric expansion and T, at 
its end. Since section EB is an isochoric line, then 


a+ Cy (T3—T) 3) 


where Ty is the temperature at the beginning of the isochoric process and T, at 
its end. Hence, according to Eq. (1) 


w=%c, Ix (Ta—T9—(Ts— To (4) 

and then the efficiency 
ge eT a 
Equation (5) may be written in another form. The temperatures Ta, T} and Tg 
can be expressed through Ty. For the isobaric line CD we have == is 
the degree of isobaric expansion and, consequently, A Further, for the 
adiabatic line D =(= 9*-1, where ð is the degree of adiabatic 





expansion, and therefore T¿= si For the adiabatic line BC we have 
Pop) ae, where e is the degree of adiabatic compression, and, 
0 

consequently, T, = Ti ali Upon inserting the obtained values of To, 





ge! Be*m? 


T, Ta in Eq. (5) and taking into account that paz, we finally obtain 





i pew 
a ne*~! (B—1) 
5.215. We have 
VW Pt 
VO mae o 
where m ıs the mass of the [uel and gp its calorific value. On the other hand, 
yt Pl (2) 


yet (B—1) 
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In our case pa apt m2.5, %=1.3, Bx=3.29, Px—1=2.29, e*-!=— 2,30 


and B—1=1.5. Upon inserting these data in formula (2), we obtain 7=0.49 = 
= 49%. Hence, m=5.9 kg. 
5.216. The change in entropy is determined from the formula 


2 
d 
s-s f4 (1) 
1 


where S, and S, are the entropies in the first and the second states. In the 
given case the total change in the entropy is the sum of its changes in the se- 
parate processes. 

(1) Heating of the mass m of ice from the temperature T, to the tempera- 
ture T3. Since dQ = mc,dT, where c, is the specific heat of the ice, we get from 
formula (1) 


AS, = mc; loge Ft 
1 


(2) Melting of the mass m of ice at the tempeiature F}. Since | dQ =mH, 
where H is the specific heat of fusion, then according to formula (1), 





(3) Heating of the mass m of water from T, to Ts 
AS = Mcg loge 22 
Ta 
where cz is the specific heat of the water. 
(4) Evaporating of the mass m of water at the temperature Ty 
mr 
T3 
where r is the specific heat of vaporization. 
The total change in the entropy 


AS, => 


H 
AS=m (a loget tF +e loge 7 +7- ) (2) 


In our case, m=0.01 kg, c,=0.5 cal/g-deg=2.1Xx 103 J/kg-deg, T, =253° K, 
T¿=273K, T¿=373K, H=80 cal/g=3.35X 105 J/kg, c¿=1 cal/g -deg = 4.19x 
x 108 J/kg-deg and r=539 cal/g = 2.26 10° J/kg. Upon inserting these data in 
Eq. (2), we obtain AS =88 J/deg=21 cal/deg. 

5.217. AS=7.4 J/deg. 5.218. AS = 1,230 J/deg. 

5.219. AS=63 J/deg. 


Y 


5.220. We have S¿—S,= 2. But 4Q= Cc, aT +paV and, in addition, 
1 


2 M 
— RdV 
_M _ | M CydaT u 
pV aaa RT Consequently, S,—S,= \ aT + V 








» OF Si—S¡= 
t 


=M Ta M Va 
=a Cy loge T, + E R loge to J/deg. \ 
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5.221. In the previous problem we found the entropy as a tunction of the 
parameters T and V. In this problem let us express the entropy through the 
parameters V and p. We have 


_M TM Va 
AS = Co loge F, t m R loge y, (1) 
But, from the Mendeleyev-Clapeyron equation 
T: _ PaVa 
Ti PV: e) 


Upon inserting Eq. (2) into (1), we obtain 


M M v. 
AS== Co loge a Co loge 7? 


M Va M Pe 
+ u R loge pi= y Ce loge t 


M Va 
+ my Cp loge v, 


Insertion of the numerical data gives AS=71.0 J/deg. Express the entropy 
through the parameters p and T to obtain the following formula 


_M T: M P2 
asen Cp loge Te R loge 5$ 


5.222. We have (see the solution to the previous problem) AS =*c loge 2 
1 


+H cp loget- In the isobaric process p, =p, and as= "cp iogep?. Upon 
1 1 
inserting the numerical data, we get AS = 66.3 J/deg = 15.8 cal/deg. 

5.223. AS=38.1 J/deg. 


5.224. We have (see the solution to Problem 5.221) as= E Cp log 


Ti 
M Pa ; M P2 
— — R loge— In the isothermal Ti=T,, d AS= —— Rloge — = 
E R e, n the isothe process 7, 2 an i Ee Ps 
= © R iog, P Upon inserting the numerical data, we get AS=17.3 J/deg. 
2 


5.225. AS=2.9 J/deg. 

5.226. (1) AS=1.76 J/deg, (2) AS=2.46 J/deg. 

5.227. (1) AS=8.5Xx103 J/deg, (2) AS=11.8x103 J/deg. 

5.228. The nitrogen was heated at a constant pressure. l 

5.229. We propose that the students convince themselves that the change in 
entropy does not depend on how the transition of the gas from one state to 
another takes place. In both cases the change in entropy will be equal to 5.45 J/deg. 

5.230. AS 500 J/deg. 5.231. Q =4.2x105 J, 
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6. Real Gases 


6.1. The constant b is expressed in m3/kmole, and the constant a in N-m4/kmole?- 
6.2. 
10-3, 6x103, 
Gas Nomf/kmole? m*/kmole 








Water vapour | 


5.56 3.06 
Carbon dioxide 3.64 4.26 
Oxygen 1.36 3.16 
Argon 1.36 3.22 
Nitrogen 1.36 3.85 
Hydrogen 2.44 x10-1 2.63 
Helium 3.43 1072 2.34 


6.3. (1) By solving the Mendeleyev-Clapeyron equation with respect to the 
temperature, we find 


rate (1) 


In our case p= 28 kg/kmole, p=2 atm=2xX1.013X 108 N/m?, V=8.2x 10-4 m3, 
M=2X10-3 kg. Upon inserting these data in Eq. (1), we get T= 280° K. 
(2) By solving the Van der Waals equation with respect to the temperature, 


we find 
u aM? ) M 
MR G p?V? u b (2) 


Upon inserting the numerical data into Eq. (2), we shall obtain T =280°K with 
an accuracy of three significant digits. Thus, the gas behaves as an ideal gas at 
low pressures. At great pressures the gas parameters do not obey the Mendeleyev 
Clapeyron equation (see the condition of and answer to the next problem). 

6.4. (1) T=281°K, (2) T=289° K. 

6.5. (1) T =482 K, (2) T =204* K. 

6.6. (1) For the real gas: (a) p=2.87 XxX 108 N/m? and (b) p=2.73X 108 N/më, 
(2) for the ideal gas: (a) p=3.09x 10% N/m? and (b) p=6.18X 107 N/m2. 

A comparison of the results obtained shows that when the pressures are not 
too high, real gases are more compressible than ideal ones (the effect of the forces 
of attraction between the molecules); at high pressures, real gases are less com- 
pressible than ideal ones (the effect of the own volume of the molecules). 


i 3 
6.7. Te _2p+pr =1.85. Here a where N is the number of kilomo- 
T, P+D; V T 
les. If the gas obeys the Mendeleyev-Clapeyron equation, Fae 
6.8. A third-power equation has to be solved to find the volume from the 
Van der Waals equation. One of the three roots of this equation which corresponds 


to the gaseous state of a substance can be found by the method of approxima- 
tions. It follows from the Van der Waals equation that 


RT RT 
y PER? (0 


a 
pti \ 
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As a first approximation let us take V=V,, which is the volume obtained from 
the Mendeleyev-Clapeyron equation l 


y _ MRT 

1 up (2) 
in our case fo kmole, R= 8.31x108 J/kmole-deg, T=300°K and p= 
= 107 N/m*. Upon inserting these data into Eq. (2), we obtain V,=0.24 m?. 


a 1.36 x 105 ; : E 
Hence, p;= v= oa N/m? =0.24Xx 10? N/m?. By inserting p; into Eq. (1), 
we get the second approximation 

__ 8.31 X 108X300 -2 m3 — 3 

Va= izxor +3.16 10 m == 0.232 më. 

Hence 
a 136x108 2 j 

and 


y, — (831x 10x300 
a= 1253x107 


In the same way we get the fourth, etc., approximations. It is easy to see that 
already the fourth approximation practically coincides with the third one. Thus, 
the volume sought is V=0.231 m$= 231 litres. 
6.9. V=0.49 m3 (see the solution to the previous problem) 5 
6.10. The constant b in the Van der Waals equation is approximately equal 


+ 3.16x10-2) m? =0.231 m> 


to four times the own volume of the molecules. On the other hand p= ter. 


Per 
Hence the volume of one molecule Vices Ber 4 nr oe 1103, where o is 
32 NaPer 3 6 


the effective diameter of the molecules. Since 
R sp is Boltzmann’s constant, we finally ob- p 


Na 
3 
tain o= SRT er . Substitution of the nu- 
lônper 


merical data gives o =2.94Xx 10-710 m= 2.94 A. 
This value of o closely coincides with the one 
obtained by other methods (see the solution to 1 
Problem 5.141). 7 
6.11. (1) o=2.97 x10-210 m = 3.0 A, (2) o= 
3.13x 10-10 m = 3.1 Á. Thus the results obtained 2 
by the two different methods are in good agree- v 
ment, Fig. 91 
6.12. 1 =7.9x10-8 m. 
6.13. D=3.5X10-75 m?/s. i 
6.14. rig. 91 shows the relation p= f (V) plotted for 1 kmole ot carbon dio- 





xide at 0°Č. Curve / corresponds to the equation of an ideal gas, and curve 2 
to that of a real gas 
TE pe 2 
6.15. a a ee N/m 


19—3574 
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6.16. (1) p Veg) oy RT, (2) YAA = Pp =0.33=33%. Here, 
N and N’ are the numbers of kilomoles without and with 
own weight of the molecules. 

6.17. (1) Pi =4.95%, (2) Yi 0.86%. 


6.18. The work performed against the forces of interaction cf the molecules is 


account taken of the 


2 
M?a 
w=f pw, where Pi= ayi 
V, 
Thus, 
v 
E E eye i 
TEJA VS) pr, 
1 
whence 
Wy?v Va WV Vs 


=M, V) NV, —V) (2) 


where N is the number of kilomoles. Upon inserting the numerical data into 
Eq. (2), we obtain a= 1.36108 N.m4/kmole?. 

6.19. AT= nak , where i is the number of degrees of freedom of the 
gas molecules and N is the number of kilomoles of the gas. Substitution of the 
numerical data gives AT = 2.33° 

6.20 a=3.64x 105 N-m4/kmole?, 

6.21. (1) (a) Since the temperature ¢=31°C is the critical temperature of the 
carbon dioxide gas, the required pressure p=p,,=73 atm. (b) Since the tem 
rature {=50°C is higher than the critical temperature, CO, cannot be liquefie 
at 50°C under any pressure. 


(2) Vp= oe = 2.9% 10-3 ma 
(3) P= Per =73 atm. 
6.22. pep = t= 196 kg/m. 6.23. por = SBEL —57 kg/m’. 


36 3T¿rR 
6.24. From the Van der Waals equation in the transformed form we have 


aj ? 


p 920 BT erR 


In our case 1n=-——====18,4. For oxygen Voox=3b= = 9.5 Xx 
Per 0.056 i 
10-2 m3/kmole, ©= 7 = 9.095 059. By inserting these values in Ey. (1), 


we obtain += 2.6 and, therefore, T= cca 6x 154° K = 400° K, or ¢= 127°C. 


6.25. p=2.7X10% N/m?. 6.26. n= P 2.45. 
Pur N 
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7. Saturated Vapours and Liquids 


7.1. The amount oí water vapours M can be found from the Mendeleyev-Cla- 
peyron formula 


RT Mm 


where p is the elasticity of the water vapours which saturate the space at the 
temperature T. When T =50°C=323° K, the elasticity p=92.5 mm Hg=92.5x 
X 133.3 N/m?. Since p= 18 kg/kmole and V=1 m3, then by inserting these data 
in Eq. (1), we obtain M=8.2x 10-2 kg =82 g. 

7.2. p=8.2X 10-2 kg/m. 7.3. 74,000 times. 7.4. 12 times. 


7.5. The relative humidity is determined from the formula w= 2, where p 
Ss 


is the pressure of the water vapours in the air, and ps the pressure of the water 
vapours saturating the space at the given temperature. The mass of the water 
vapours in the volume V of the air at the temperature T is 


` 





_pVu _upsVp 
M=RT RT (1) 


In our case w=0.75, p = 18 kg/kmole, V =1 m?, T =30° C=303° K. At the tem- 
perature ¢=30°C the pressure of the saturated vapours is p¿=31.8 mm Hg = 
= 31.8x 133.3 N/m?. Upon inserting these data into formula (1), we find 
M=22.5x1073 kg. Thus, the weight of the water vapours in the conditions of 
the problem is 22.5x 10-8 kgf. 

7.6. M=6.9x10-3kg. 7.7. t=7"C. 7.8. n=10'8 cm-3. 

7.9. (1) w=60.4 per cent, (2) M =86x 10-6 kg. 

7.10. (1) Before expansion the saturated water vapours are at a temperature 
of 20°C and therefore (see the tables) the pressure of these vapours is p= 
= 17.5 mm Hg=17.5X 133.3 N/m?. 

(2) The amount of water vapours in the chamber before expansion is 


PWV: 
M,= RT, (1) 


Substitution of the numerical data in formula (1) gives M,=17.2X1078 kg = 
= 17.2 mg. 


(3) py =p 1.72% 10-2 kg/m? 
1 
Ti 
Vat 
(7) 
(5) At a temperature of —5°C the pressure of the saturated water vapours is 
pa,=3 mm Hg. The amount of vapours in the chamber which corresponds to this 


x 


(4) T= 





pressure is M, =P , where V¿=1.25V,. Upon inserting the numerical data, 
2 


we find M¿=4 mg. Therefore, the amount of condensed vapours AM =M,— Myz= 
= (17.2—4.0) mg= 13.2 mg. 


— Pee -3 3, 
(© p= f= 32X107? kg/m 


19* 
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(7) Since the density of the water vapours after expansion (but before conden- 
sation) is 
_ My _17.2x10-8 


E ARE Sa ¿10-3 3 
Pa = Va 125x103 kg/m? = 13.7 x 10-3 kg/m 
-3 
the degree of supersaturation is == Biot 


7.11. V,= 10-3 m3/kg = 1 cm3/g, Vp = 1.25 m3/kg = 1.25 x 108 cm3/g. 

7.12. During vaporization heat is spent not only to overcome the forces of 
interaction of the molecules, but also for the work of expansion against the 
external pressure. Thus, according to the first law of thermodynamics, we have 


ro = AE+W (1) 
where ry is the molecular heat of vaporization, AE the change in the internal 


energy of the forces of interaction during vaporization, and W the work perfor- 
med against the external pressure. We have 


W = ps (Va—Vı) (2) 


where ps is the pressure of the saturated vapour at the temperature of vaporiza- 
tion, V, the volume of one kilomole of the liquid and V, the volume of one 


kilomole of the vapour. Obviously, y =2 , where p is the mass of 1 kmole of 
the water and p its density. In our case 


18 kg/kmole 


1,000 kg/m3 — 18x 10-8 m3/kmole. 


V= 


Since according to the condition “zı kmole, then from the Mendeleyev- 


Clapeyron equation v=% . When T = 200° C= 473° K we have (see Table VI): 
s 


ps=15.3 atm=15.3x1.013x105 N/m? and v=% =25 m3/kmole. 


Assuming that the change in the internal energy of the forces of interaction 
in vaporization corresponds to the Van der Waals equation (see Problem 6.18), 
we have 
os (V2—V3) 


a (3) 
2 R2 
where a= 21er R 


Eas. (1), (2) ard (3) 





=5.56X 105 N.m*/kmole?. Since V, V, we obtain from 


ro =7 + pVa= P+ RT= (3.1 -+0.4) x 107 J/kmole=3.5X 107 J/kmole 


Hence, the specific heat of vaporization raft = 194X108 J/kg = 465 cal/g. 


From Table VII we have r= 464 cal/g for a temperature of t=-200°C. Thus, 
despite the fact that the Van der Waals equation and, therefore, formula (3) 
are approximate, the results are in good agreement. 

7.13. x=2E 2V RT 92.4%, 


To r 
7.14. AE=7.22x 169 J, N 
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7.15. From the Clausius-Clapeyron equation 


dp To 
dT T(Wo—V) (1) 


Assuming that saturated vapours obey the Mendeleyev-Clapeyron equation, we 
have (for one kmole) Vy=— Since (see Table VI) p=6.54 mm Hg ata 
temperature of 5°C, it is easy to find that Vy=2.65X10% m*/kmole. Besides, 
v,=2=18x10-2 m*/kmole. Thus, we see that V,¿<V,, and then equation (1) 
may be written as 


dp _ op 
dT RT? 
or 
dp ro dT 
TET o 


For a small temperature range T¿—T,, the heat of vaporization may be consi- 
dered constant and then, upon integrating equation (2), we get 
ro (T,—T,) 


RTT (3) 


Pa 
log, == 
Be Pi 
whence 
RTT loge ZÈ 
Ty 


In formula (4), p, and p, are the pressures of the saturated vapours at the 
temperatures T, and T}, respectively. Our task is to find the value of rẹ at the 
temperature t= 5°C. For this reason the values ti =4°C and t,==6°C may be 


taken for T, and T,. Then, from the data in Table VI we have p,=6.10 mm Hg, 
p,=7.01 mm Hg and L2=1.15. Upon inserting the numerical data in Eq. (4), 


1 
we obtain ro = PAIPA TACA loe LIS J/kmole= 45106 J/kmole = 


(4) 


= 10.7 x 108 kcal/kmole. Hence, the specific heat of vaporization, = = 595 cal/g. 


After plotting the diagram r=} (t) from the data in Table VII, it can easily be 
seen that when ¢=5°C, the value of 7 will be equal to 592 cal/g, which is in 
good agreement with the determined value. 

7.16. r=72.2 cal/g. 7.17. p=650 mm Hg. 

718 AS=2.86 J/deg=0.683 cal/deg. 7.19. By 4.5 mm Hg. 

7.20. To the pressure p=7X10~* mm Hg, i. e., to a pressure equal to the 
pressure of the saturated mercury vapours at 15°C. 


7.21 In our case + and => But since V =V, (1 + yt), then finally 
0 
P=: Upon inserting the numerica data, we obtain p= 1.29x 104 kg/m? = 


= 12.9 g/cms. 
7.22. t= 222°C, 7.23. p=1,055 kg/m?. 
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7.24 Ap =O =1.4x10 N/m? = 13.8 atm. 

7.25. R=3.9x 107 atm-1, 7.26. Ah=16.4 mm. 
h (14 yt) 

7.27 At=>——=56 7.28. M=0.884 kg. 
(H—hyy : 

7.29. Let us denote the coefficients of volume expansion of the mercury and 
the glass by y, and yz, respectively. Heating increased the volume of the vessel 
to V=V,(1+ yet), and the density of the mercury became equal to 

M M 
== TF o 


On the other hand (see the solution of Problem 7.21) 


pace co es 
I+yut Vo (1+ yt) 


By comparing Eqs. (1) and (2), we find that 


(2) 


Mg (1+ Yat) 
IFY g 


7.30. y,=7X10-* deg-}. 
7.31. x=YY =5%, where y and y’ are the coefficients of volume expansion 





of the oil found with and without account of the expansion of the glass, respectively. 
7.32. 765 mm Hg. 
7.33. (1) The force requirea to tear the ring away from the water surface 
consists of the weight of the ring and the force of surface tension, i. e., 


F=F,+F,. The weight of the ring Fy= ph (d3 —d?) g =40.0X 10-3 N. When 


the ring is torn away, the surface film breaks along the external and internal 
circumferences of the ring, and therefore the force of surface tension F,=na (d,+d,)= 
= 23.5x10-3 N. Thus, F =63.5x 10-9 N. 


(2) E =37%. 


7.34. @=32.4x 10-3 N/m. 7.35. (1) d=1.4 mm, (2) ¿=5 cm. 

7.36. The weight of a drop at the moment of fall should break the surface 
film over the length (=2xr, where r is the radius of the drop neck. Hence, the 
weight of a drop G=2nra=ada. The number of drops of alcohol contained 
Mg _ Mg 
G nda 
N =780 drops. According to the condition, the interval between drops is | second, 
and therefore the alcohol will flow out in £=7.8x103 s=13 min. 

7.37. x =59x10-3 N/m 7.38 By 34 cm. 


3/ Ba 

7.39. R= V YY 9.2% 10-3 m=2.2 mm. 
2pg 

7.40. Upon the merging of two drops of mercury the energy evolved is AE=aAA, 

where AA is the change in the area of the surface (AA =4nr?x2—4nR2, where 

r is the radius of the small drops, and R the radius of the large drop). The 

radius R can be found by equating the volume of Xhe large drop to the sum of 


in M grammes is N = 





Substitution of the numerical data gives 
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the volumes of the merged drops: 231n= 5 nR3, whence R=r y 2. Hence 
AA = 4ar? (2— 3/4) and 


AE =aAA=a4ur? (2— 7/4) (1) 


The energy evolved is used to heat the mercury drop, and therefore 
4 8 
AE =cmAt=cp q ARA! =P 3 TudAt (2) 
By comparing Eqs. (1) and (2), we finally find 


3a (2— 3/4 

a 04-44) (3) 
cp2r 
or after inserting the numerical data, At=1.65Xx 1074 deg. 

7.41. W=1.47x10-5 J. 7.42. W=6.4x10-5 J, 7.43. W =4.32x 1074 y. 

7.44. The air pressure in the bubble will consist of the atmospheric pressure p,, 
the hydrostatic pressure of the water p»=pgkh and the additional pressure 
=== caused by the curvature of the surface. Thus, p=py+pgn+ 
In our case p,=765 mm Hg, p¿=1,970 N/m2=14.7 mm Hg and p3=2.92 x 104 N/m? == 
=219 mm Hg. Thus, the air pressure in the bubble p= 
=999 mm Hg. 

7.45. D =o =2.6x10-8 m=2.6 mm. 7.46. h=4.9 m. 

7 47. 4.4 times. 

7.48. The radius of the meniscus R is related to the tube 
radius r as follows (Fig. 92): r=R ote cos (180° — 8) = 
=—R cos 6, where @ is the contact angle. The additional pressure 


caused by the curvature of the meniscus Ap = O Since 


for mercury 0 >> , i. e., cos@ <0, this additional pressure is 





ositive, and the mercury level in the capillary tube will be 
lower than in the vessel. The difference in the levels Ah= 
ES, whence — cos o= Atg Substitution of the 
numerical values gives —cos 8=0.740.. Hence the radius of curvature of the 


i a at -3 = 
mercury meniscus R 05 0 210-3 m=2 mm. 


7.49. (1) R=0.53 mm, (2) Ak=2.98 cm. 7.50. h= 13.9 mm. 
7.51. (1) d=1.5 mm, (2) d=8.8 mm. 7.52. Ah=7.5 mm. 
7.53. d=0.15 mm. 7.54. a=0.07 N/m. 


7.55. p=P0+ 22 — 102.2x 109 N/m?=767 mm Hg. 


7.56. Let us denote the air pressure in the capillary tube before it is submerged 
into the water by py and the pressure after submergence by p,. Correspondingly, 
Vo and V, are the volumes of the air in the tube before and after submergence. 
According to Boyle-Mariotte’s law, 


PVo=PiVy (1) 


Fig. 92 
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In equation (1) p,= p+ and V= Aho, where A is the cross-sectional area 


of the capillary tube and 4, its length; V;=A/,, where h, is the length of the 
tube projecting above the liquid after submergence. Upon inserting these values 


into Eq. (1), we obtain poto=( Pot ) hy, whence 








2ah, 
eo" 2 
Po (hyo — 1) a 
. Parás s4: ho—Ah; hi 
According to the initial condition, i =0.015, or EER = 67.5. Upon 
0 01 


inserting the numerical data into Eq. 2), we get r= 10-4 m=0.1 mm. 

7.57. (a) h=755 mm, and (b) h=757 mm. Thus, if the tube is narrow, the 
atmospheric pressure cannot be determined directly from the height of the mercury 
column A, since the pressure of the convex meniscus of the mercury in the tube 
is added to the pressure of the column. 

7.58. The height of the mercury column should be increased by 2 mm. 

7.59. (1) x= h 9.4%, (2) x= Ht =0.2%. 

7.60. For the needle to remain on the water surface, the pressure exerted by 
the weight of the needle on its supporting surface should not exceed the pressure 
caused by the curvature of the liquid surface in the recess under the needie and 
directed upwards (the loss of weight according to Archimedes’ law is neglected). 
The pressure of the needle on the water py = 78. = OVE _ pnd , Where d is 
-the needle diameter, / its length and V its volume. The pressure due to the 
curvature of the liquid surface can be found from the Laplace formula 


p,=0 ar ee): In our case the surface of the liquid is cylindrical, i. e., 
1 2 


R,=0 and R¿=r, which is the radius of the needle. Hence, pat Pe 











Since it is necessary that p, S pa, then pres <% , whence d& ye 


Insertion of the numerical data gives d<1.6 mm. 
7.61. It wili not. 7.62. d=0.5 mm. 7.63. M=1.22 kg. 7.64. 27.5x 10—* kgf. 
7.65. The surface of the wetting liquid between the plates is cylindrical in 


shape with a radius of curvature R=>3 , Where d is the distance between the 

plates (Fig. 93). Hence, the additional negative pressure under the cylindrical 
a 2a x E 

concave surface DERE . The quantity p is the excess external pressure 


oe on the area A. Hence, the force which should be applied to detach the 
plates is 
2a 2x 0.073 x 1.08 x 10-2 
Se PES gare Blak 


7.66. rl kg/m3. 7.67. a=0.5 N/m. 
7.68. en the capillary tube is in its vertical position, the upper meniscus 
is concave and the pressure caused by the curvature of this meniscus is always 


N=31.5 N=3.2 kgf 


directed upwards and is equal to nae, where R, is the radius of curvature 


Ri 
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of the upper meniscus. With complete wetting patt. where r is the radius 
r 


of the capillary tube. The hydrostatic pressure of the liquid column is always 
directed downward and is equal to p,»=pgh. If p, > p,, the resulting pressure 
directed upward makes the lower meniscus concave. Hence the pressure pz caused 
by the curvature of the lower meniscus is directed i 


: 2 op 
downward and is equal to =R. where R, is 2222222772272 
: 2 x 
the radius of curvature of the lower meniscus. ) o OG 
In equilibrium LLL ITLL 


P1=P2+Py (1) Fig. 93 
If pi < Pa, the resulting pressure is directed down- 


wards and the lower meniscus will be convex. Now the pressure pa= > will be 
directed upward, and : 
P1 + P3= Pa (2) 
If, finally, 
Py = Pe (3) 


the lower meniscus is flat, and p,=0. Upon inserting the numerical data, it is 
easy to find that: 

(1) R,=0.5 mm and R¿= —1.52 mm, 

(2) Ry=0.5 mm and R¿=1.46 mm, 

(3) R,=0.5 mm and R,=o. 

7.69. M=2.2x 10-4 kg. 

7.70. (1) h=11.5 mm, (2)4=12.9 mm, (3)h=17.2 mm. (See the solution of 
Problem 7.68.) 

7.71. (1)AR=68mm, (2)Ah=8.5mm, (3)Ah=17mm, (4) Ah=23.8 mm. 
When Ah > 23.8 mm the liquid will begin to flow out from tube a. 

7.72. 1 the capillary tube were long enough it would be easy to see that the 
water in it rises to the height A=2.98cm. But the height of the capillary tube 
is hı < h. Now, the meniscus is acted upon by the pressure p, caused by the 


curvature of the meniscus, directed upward and equal to => and the 
hydrostatic pressure pa =pgh,. For any height A, 
2a 
pehi = -R 


Upon inserting the numerical data we obtain R=0.75x10-3 m. 
7.73. The aerometer floating in water is acted upon by its own weight G directed 
downwards, the force of surface tension 


h=2nra =n da (1) 
directed downward in case of complete wetting (with the complete absence of 
wetting it is directed upwards), and the Archimedean force fy directed upward 
and equal to 

fo=pg (V+ AA) (2) 
where p is the density of the liquid, V the volume of the non-cylindrical part 


of the aerometer, A the cross-sectional area of the aerometer tube and A the 
length of the cylindrical tube in the liquid. In equilibrium 


G+h=fs (3) 
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Since several drops of alcohol will not change the density of the water, we 
can write from Eqs. (1), (2) and (3) for water 


G+dna,=pg (V+ Aj) (4) 
and for alcohol 
G+dnas = pg (V+ Ahy) (5) 
From Eqs. (4) and (5) it is easy to obtain that 


= -3 
4A0 AS a 10-3m=2.4 mm. 


7.74. The aerometer will rise by Ah=3.5 mm. 

7.75. T =313°K = 40°C. 7.76. 1,000 molecules. 7.77. p=2.9X 105 N/m?. 

7.78. M=2x10-3kg. 7.79 (1) a=55%, (2) 4x 101% cm-3, 

7.80. p=392.1 mm Hg. 7.81. p=147.6 mm Hg. 7.82. 50 molecules. 

7.83. Raoult's law can be used to determine the mass of 1 kmole of a sub- 
stance. Indeed, this law can be written as 


Po z 
A | 
Po—P ar 
or 
Po p z 
Po—P pp Y (1) 


Since == and "== , it is easy to obtain from Eq. (1) 
M p 

taaa E 2 

MSE p —p (2) 
Here M is the mass of solvent, the mass of one kilomole of the solvent, 
M' the mass of the dissolved substance and p’ is the mass of one kilomole of 
the dissolved substance. Upon inserting the numerical data, we get 1” =92 kg/kmole. 

7.84. p==9.25 108 N/m?. 


8. Solids 
8.1. We find from the Clausius-Clapeyron equation that 
qo 
On the other hand, the change in entropy is 
as—="Ho _Ngo (2) 


T T 


where Hy is the specific heat of melting and gg the molecular heat of melting: 
m is the mass and N the number of kilomoles. From Eqs. (1) and (2) we have 


ar—%. PE (3) 
000 m*=18x10-3 mi, V.= => m3=2 10-2 m3, 
N=1 kmole, AS=22.2x 10% J/deg and Ap=1058 N/m3, Insertion of the nume- 
rical data into Eq. &) gives AT =0.009°. 

8.2, AS=15.8X 108 J/deg. 8.3. By 1.03x10-8 ni, 





in our case vy=%= 
PL 
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8.4. (1) 390 J/kg-deg, (2) 450 J/kg-deg, (3) 930 J/kg-deg. 

8.5. Me mass of one kg-atom of the ball material ke equal to 107 kg/kg-atom. 
Therefore the ball is made of silver. 

8.6. 7.2 times. 8.7. By 66°. 

8.8. The amount of heat which passed through the copper and iron plates 
put together can be determined from the formula 


a tala ara bla 
Q= T, At =h E, At 








whence 
t= Artida + Agtad, 
z Aida + Aadi 
Upon inserting the numerical data, we obtain t, =34.5°C. 
8.9. 1=.1.28 W/m-deg=1.1 kcal/m-h-deg. 
8.10. Q=1.9x105 J, 8.11. (1) 2 cal/s, (2) 60 g. 8.12. Q=11.7 J. 
8.13. 106°C. 8.14. In 28.4 hours. 
8.15. When heated from 0°C tof°C, the rod will expand by 





: ALEA : E 
To prevent expansion of the rod, the force F= 7 should be applied to it, 
whence E 
lF 
l= (2) 


where E is Young’s modulus of the rod material and A is the cross-sectional 
area of the rod. From formulas (1) and (2) we have F=EAat. Upon inserting 
the numerical data, we obtain F=7.1Xx10% N. 

8.16. G=149 N. 8.17. At 20°C. 8.18. a=1.8x10-5 deg~!. 

8.19. For the steel rod 


Ey = Loy (1 + yt) = Loy + loreal (1) 
and for the copper rod 
la = log (1 + a24) = los + legaat (2) 
According to the condition, 
h—l=L (3) 
and 
Toy — og = L (4) 


where L=5 cm. Upon subtracting Eq. (2) from Eq. (1) and bearing in mind 
the conditions of Eqs. (3) and (4), we obtain 





Zilo = Aslo: (5) 
The length ot the rods at 0°Ccan be easily found from equations (4) and (5) 
La 
log = cm, Igy = log +L l6 cm 
“Fa 01 = 02 


8.20. 1.02 times. 8.21. 2.94X10? N/m?. 8.22. d=4.0X1073 m. 

8.23. [|=2,900 m 8.24. [=180 m. 8.25. /=11.9 km. ; i 

8.26. (1) 250 kgf, (2) by 4 cm, (3) there will not, since the specific load is 
less than the elastic limit, 

8.27. y=75°30’ 8.28. 3.4 rev/s. 
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8.29. The centrifugal force acting on the rod is 
l 
F = \ rożdm 
) 


where ! is the rod length, w the angular velocity of rotation, and r the distance 
from the element of mass dm to the axis of rotation. For a homogeneous rod 
dm=pA dr, where p is thedensity of the rod material and A its cross section. 
After integration we obtain 

pAw?l? 


fy 





whence the maximum number of revolutions per second is 


1 F 
io V + =38 rev/s 


8.30. p=5.7 x 108 N/m? 


, nt _1F 
8.31. According to Hooke's law, T EPET’ whence 
pat Al (1) 
But for elastic forces 
F=kAl (2) 
By comparing Eqs. (I) and (2), we see that 
an (3) 
Then 
RAP AEA 
Cen e Sy 


Upon calculating the value of A! from formula (I) and inserting the remaining 
numerical data in equation (4), we finally obtain W =0.706 J. 

8.32. E=2 94x 10% N/mi. 

8.33. The hose can be stretched by Al by the force 


F=EA% (D 


In this case the internal diameter ot the hose will be reduced by Ad= Bd, E. 


But from Eq. (1) => Hence, Ad=fdy ee ane where u=PE is 





Poisson's ratio. Upon inserting the numerical data, we get Ad=1 mm, and 
therefore da=d¿—A d=9 mm. 
8.34. x=0.3 m. 8.35. M=2.26x10-? N.m. N 
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8.36. The twisting moment of the wire m= Gd and tan 2 = E Wh 
2L16 * RE eae 
is small, we may assume that tan p=Q and then == Hence 
n 

_lnGds _ as 
Mo A N-m. 

8.37. To twist the wire through the angle dg, it is necessary to do the work 

4 

where M is the twisting moment. Since M =e then 





9 

_(aGre , — xGrig? 
v=f a OS 
0 


Upon inserting the numerical data, we find that W=1.25x10-!3 J. This work 
will be converted into the potential energy of the twisted wire. 

8.38. Over 1.74 10-2 m. 

8.39. Poisson’s ratio p=pe=Y > where z is the radius of the wire and l 
is its length. Before expansion the volume of the wire is V,=tr?2l, and it is 
V, after expansion 


Vo =x (1 — Ar? (14 Al) 


If during expansion the volume does not change, then xr?! =1x (1 — Ar? (14Al). 
Upon opening the parentheses and neglecting the squares of the quantities Ar 
and Al, we find ar2Al =2nrAr!, whence »=0.5. 


8.40. When the rod is not compressed, its density is a=: where V,= xr. 
1 


The density of the compressed rod m= > where V; =n (r + Ar} (l — Al). 
2 
Therefore the change in density is 


Ap= = 1 1 \__ mAV 
p=P2—P¡=M V V HEAR 


Since compression is not considerable, it may be approximately ne that 

V.V, = V3, i.e., ap= E . Hence the relative change in density >= . Let 
1 t 

us find the change in the volume AV =1tr?l —a (r + Ar)? (I:—Al). Upon opening 

the parentheses and neglecting the squares of the quantities Ar and Al, we obtain 


V_Al 
av=v, £ (1—2) where u is Poisson's ratio. Hence == T (2 





According to Hooke’s law, anes Then, finally Be LPs (129). In our case 
1 

ps=10% kgf/cm?=9.81<107 N/m?, E=1.18x1011 N/m? and p=0.34. Upon 

inserting these data, we obtain 72 = 0.027% 


8.41. By | mm’, ; 


Chapter 3 


ELECTRICITY AND MAGNETISM 


9. Electrostatics 


9.1. F=9.23 X 10-8 N. 9.2 r=8.94 x 107-2 m. 
9.4. 1.25 x 103¢ times. 9.5. F=0.7N. 
9.6 


.6. The electrostatic energy of the balls W,—-———— and their mutual gra- 


4 onr 





vitational energy W gor. According to the condition of the problem, 


, Where n=10% Hence Q= Y nee, Fr ym, ma Substitution of 





Q? =p Mmm 
Áneye,r r 
numerical rg gives Q=1.7x10- 23 


Wo 


y=). 24 x 1096, 





9.7. (1) y £- =4.17x 108, (2) 

gr Wer 

9.8. How the energy W, of two point char- 
ges depends on the distance r between them 
is shown in Fig. 94. 

9.9. E=5.04x10* V/m. 

9.10. Q =—2.23x 10-9C. 


we 





Fig. 94 Fig. 95 


9.11. Depending on the arrangement of the charges: (1) E=0, (2) E =6X 10% V/m. 
(3) E=3x10 V/m. 

9.12. E=0. 9.13. E=1.12x10% V/m. 

9.14. Let us designate the angle between the threads by 2a (Fig. 95). Each 
ball is acted upon by two forces: the weight of thà bal! G and the force of Cou- 
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lomb repulsion F,. The resultant of these forces is F. But F,=G tan añ 
TE Ep" 
and sa! sina. Hence finally 


-f Q? 
tana  4xteye,41? sin? a tan a 


Each ball carries the charge o=% Upon inserting the numerical data, we 


find G =0.0157 N =1.6x 10-3 kgf. 
9.15. Q=1.1x10-8C. 
9.16. For a ball in air the following equation is true (see the solution to 
Problem 9.14) 
Q? 


(1) 


When the balls are immersed in kerosene, each ball is acted upon by the Archi- 
medean force G,. For a ball in kerosene 


o> 41272,14/? sin? a, tan a, 


A ea 
G—G, — AnEgEr24l? sin? a; tan as (2) 


In equation (2) 
G—G, =(Pı— P2) Vg (3) 
where p, is the density of the ball material, pz is the density of kerosene, V is 


the volume of the ball, g is the gravitational acceleration. From Eqs. (1), (2) 
and (3) we have 

G—G, _ sin? ay tan ajl,,  Pi—Ps 

G sinta,tanage,. Pr 

whence 

_ sin? a tan a8; 

P1=Pa sina Gq tan @,e,2—sin? a, tan aye, 
Upon inserting the numerical data, we obtain p,==2,550 kg/m®. 
9.17. p= PL. 9.18. a= 13°. 


lp — 


_ 2eye, Y F?— G°? 
Ñ Q 





9.19. o =7.8x10-6 C/m3. 

9.20. (1) 2x10-5N, (2) 12.6x10-5N, O 6.28x1075N. 
9.22. E=3.6Xx 101 V/m. 9.23. F=3.4N. 

9.24. (1) L=8.1 N/m, (2) 70.112 J/m. 


9.25. E=3.12x 10% V/m. The field is directed perpendicular to the plane passing 
through both filaments. 


9.26. = 5.1108 N/m?, 


9.27. The ball is acted upon by three forces: the force of the electric field F, 
directed upwards, the force of gravity G directed downwards, and the Archime- 
dean force F, directed upwards. In equilibrium 


G=F,+F, (1) 
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we know that 


4 
G=mg=P 3 1% (2) 
where p, is the density of copper, 
F,=EQ (3) 
and 
4 ar 
Fa=02 3 08 (4) 


where pz is the density of oil. From Eqs. (1), (2), (3) and (4) we have 
q= Pa 1.1x10-"C 


9.28. r=4.4X1077 m. 





9.29. We have 
t3in8 
= 2Ne ota (1) 
It can easily be seen from a drawing that 
iif Oeste se, (2) 


Y 2 (2y 

e+(z) 

where J is the length of the filament and a is the distance from the point under 
consideration to the filament. Upon inserting Eq. (2) into (1), we obtain 


Y 


4 negepa y a+ € ) 
3 
(1) If al, then y a+ 7) =>. In this case formula (3) gives 
T 
E 


, which is the intensity of an infinitely long filament. 


E= 





(3) 


E 2neye,a 
TN 
(2) li a5> 1, then y o+ (z) =a. Besides, since tl =Q, formula (3) gives 


us E= which is the intensity of the field of a point charge. 


4ne 92,0?’ 
A A E 3 
9.30, y al 7" When 6=0.05 and /=0.25 m, 


the maximum distance a =4.18X 107? m. 

9.31. (1) £==0.49 m, o E=1,350 V/cm, (3) t=4.1X107* C/m. 

9.32. This problem is similar to Problem 2:159. (1) Let us take the rin 
element dl (see Fig. 81). This element carries the charge 7Q. The intensity o 


the electric field produced by this element at point A da=_L The inten- 
4NEJL,X 


r 
sity is directed along line x connecting the ring element dl to point A. Obviously, 
the intensity of the entire ring can be found by geometrical summation of de 
produced by all the elements. The vector dE can be resolved into two compo- 
nents dE, and dE,. The components dE, prodited by each two diametrally 
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opposite elements are mutually cancelled, and then 


E= È dE but dE¿=dE cosa =dE == l dQ 


4neoe,x? 
Hence peak f 10 But x= V R747 and finall 
4me9e, x5 nege, x? y 
IQ 


S Frese, (R4197? (1) 


is the intensity of the electric field on the ring axis. 
ff lS R, then E= Teo r , 1.e., the charged ring may be regarded as a point 


charge at great distances. Upon inserting the numerical data into Eq. (1), we 
obtain E=0; 1,600; 1,710; 1,600; and 1,150 V/m, respectively. 

(2) Let us express the quantities x and / through the angle a. We have 
R=xsina and !=xcosa. Now formula (1) becomes 


O 2 
E = Tne R 08 9 sin a 


To determine the maximum of E, let us take the derivative dE and equate it 


da 
to zero: 
dE__Q 2 dar 
an “Ri (cos? a 2 sin a —sin3 a) =0 


or tanta =2. Then the distance { from the centre of the ring to point A where 
the intensity of the electric field is maximum is equal to Ys In 


our case R=0.! m and, hence, ¿=7.1x10-2m. 
9.33. 1.3 times. Compare this problem with Problem 2.161. 


9.34. (1) When a<R, the quantity & is very high, and 


| “7 e] =I 
V de ($) 
Hence E= z , 1.€., for points close to the disk the latter may be considered 


as an infinite y long plane. 
(2) When a>R, the quantity ais small, and 


9 Q 
Hence Eere a: But since =h, then Es Teal’ i.e., for points 
remote from the re the latter may be considered as a point charge. 
= 6. When 6=0.05 and R=0.25 m, we have a=1,2X 
vi-& 
x 107? m 


9.36. (1) R=2.5 m, (2) E=11,3X10" V/m, (3) 1.1 times. 





9.35. eo 


20—3574 
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9.37. (1) R=0.2 m, (2) 6=10%. 
9.38. al where m is the mass of the ball moving with the ve- 
ovr 

locity v, Q, is the charge of this ball, Q, is the point charge forming the field, 
r is the distance between the charges. Upon inserting the numerical data, we 
find r =6x10-2 m. 

9.39. r=5.1x10-1% m, 9,40. 7=6.1x 10-14 m, 

9.41. (1) r =6x 10-15 m te) v=1.6x107 m/s. 9.42. W =1.2x10-8 J. 

9,44. (1) U=11.3 V, (2) U=30 V. 9.45. W =1.13x10-4 J. 

9.46. v, =16.7x 1072 m/s. 

9.47. It is convenient to give the answer in the form of the following table: 


U, v | 5 





10 | 100 | 1,000 





v, m/s 1.87x108 | 5.93x10% | 1.87x 107 














5.93x 105 | 1.33x 108 


9.48. E,=8.5x 10-18 J=5§.32 MeV, U=2.66x 106 V. 
9.49. We have dW =Q dU, but dU = —E dr= 


2nep2,r ' 
f amwr __Q 
a ZN Aa 
eS DNE 218,8, loge fa 


rı 
whence 
a 258 p2,W 


- (1) 
Q log, En 


In our case ep =8.85x 10-12 F/m, e, =1, W=50x10-? J, =w C and 


—=2. Upon inserting these data in Eq. (1), we obtain t=6X10~-7 C/m. 
9.50. 1=3.7x107—6 C/m. 9.51. v=2.97x 10? m/s. 

9.52. o =K Seer 88% 10-8 C/m. 9.53. d=4.8x10-3 m. 
9.54, m=5.1X10-" kg. 

9.55. In the absence of a field 


mg = nnm, (1) 





In the presence of a field 
mg — EQ =6xmrus (2) 
We find from Eqs. (1) and (2) that me—EQ==2 mg, or 
Q= "8 ( — $2 mee ( -$ ) =4.1x10-1 C 
9.56. In the absence of an electric field 
mg = 6anry, \ (1) 
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In the presence of a field, the speck of dust is acted upon by the horizontal 
force F=QE. This force accelerates the speck of dust, ut, owing to friction, 
the motion in the horizontal direction will also occur at a certain constant velo- 
city vz, and 

QE =6nnrv, (2) 
The resultant of the velocities v, and vg is directed at the angle œ, and 

En Us E $ Us de 
tan ==: Obviously, =? =0.5—, whence the sought distance | can be 
1 

found from the formula ' 


10-504 __ 0.5mgd 
~ u QE 


Further, w= ie = 10-1 m/s. The sought time can be found from the formula 


=2x107-2m 


d 
t=’ or =o By inserting the numerical data into any of these formu- 
3 


1 
las, we obtain f=1 s. 
9.57. 1=2x10-2 m, t=6.4X10-? s. 9.58. r=10-* m, Q=7.3X107%8 C, 
9.59. Q =1.73x10-° C. 9.60. 22 kV. 
9.61. 2.2X 10-5 m=0.022 mm. 9.62. 5x 10-3 m=0.5 cm. 
9.63. (1) U=2.8 V, (2) E=530 V/m, (3) o=4.7X10-° C/mè. 


9.64. v= y PQU =") 2.58% 10" m/s. 


9.65. (1) E=5.7 V/m, (2) v=10% m/s, (3) W=4.5x10-!*J, U =2.8 V. 

9.66. (1) F=9.6x10-—'* N, (2) a=1.05x1017 m/s?, (3) v=3.24x107 m/s, 
(4) 0=5.3x 1071 C/m2. 

9.67 The electron will move in the plane capacitor along a parabola similar 
to a body thrown horizontally in a gravitational field. Indeed, the electron in 
the capacitor is acted upon by the constant torce F=eE and accelerated to 


aa Zé The electron covers the length / of the capacitor during the time 


tt and is deflected over the distance 


_afi_ ¿En 


2 = Snot (1) 
For the electron not to fly out of the capacitor, the distance y should be grea- 
ter than or equal to 5 where d is the distance between the capacitor plates. 
Hence 1 <! E. Upon inserting the numerical data, we obtain for the 


electron vy=3.64X10? m/s and for the a-particle vyy=6X105 m/s. 
9.68. (1) In 4.8x10-? s, (2) s,=0.22 m=22 cm. 
9.69. a¿=15.7x104 m/s3, a, =8Xx 101 m/s?, atot = 17.6X10 m/s, 
9.70. Two times. 
9.71. The deflection of the proton and the a-particle is the same. 


9.72. v=V vt-- 02 = 1.33x 10? m/s, a= 41°20, 
9.73, U,= —2U 44 28 V. 9.74. Over 0.01 m. 9.75. 2.24 times, 


(n+) 





20* 
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9.76. E-= 20 60 kV/m, Es= =10 kV/m. 
dilrg + dor: 
9.77. C=7.1x10-4 F, “AU=1 ,400 V. 9.78. "2.5x10- -20 kg, 
9.79. The charge of n drops Qo=10. This charge will be on the big drop. 


The radius of the big drop can be found from the condition n5 nrp = 


= TAR, whence R=r Yn. Hence the potential of this drop will be u=% -= = 


nQ ba 5 nA o In our case n=8, Q =10-1 C, ey =8.85x 10-12 F/m, 

cet R ARNEE Va 
e,=1, r=107-3 m. Upon inserting these data, we obtain U =3,600 V. 

9.80. U=19,500 V=19.5 kV. 9.81. r=2. 1x10-2 m=2.1 em. 

eS ss W, U=E,)R is a linear relationship, (2) ea 5X 108 V. 

=26.6X10-7 J. 9.84. C=5.9X10-? F. 

a o=1.77x10- ® C/m?, 9.86. D=0.03 m=3 cm. 

9.87. In this case Q,=Qy, where Q, and Q) are the charges on the capacitor 
plates before and after they are filled, respectively. Thus, Q =const. Therefore 


the charge surface density on the plates is 0=-=const. 


(1) Since E ==, then od=U,eper, before filling, and od=U,ece-s 
after filling. Since o=const and d=const, then Uj,e,,;=Uye,3, and 


U,= UL = 115 V. 
bra 


(2) C,= 


nbs 





= fA _ =1.77x10-2 F, Cy = Sobre 46x 10-0 F. 


(3) da d y 31X10-7 C/m?. 


9.88. In our case U,=U¿=U. (1) Ui=U;=300 V, (2) Ci=1.77x10-" F, 
C¿=4.6x10-2 F, (3) E 3110-7 C/m3, og=1. 38x 10-8 C/m?. 

9.89. (1) Let us designate the intensity of the electric field in each layer by 
E, and E, and the potential drop in each layer by U, and U, Hence 


e,1 E, =8,1E7 (1) 
U,+U,=U (2) 

Equation (2) can be written as 
Ed, + Ezd, =U (3) 

From Eqs. (1) and (3) we have 





Uer eres 
= ed ead, =1.5x10t V/m and E¿= En =4.5x 10 V/m 
(2) ane V, ea v 
(3) TL +E (4) 
where 

C, =A and cy ated * (5) 

dı d; 

Col r12r2A 


By solving Eqs. (4) and (5) simultaneously, we get C= 


endy tend 
=2.66x 10-71 F, ri raĝı 


` 
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(4) The charge on one of the plates Q=cA=C,U,=C,U,=CU, whence 
C= 8x 10-7 C/m?, 
9.90. U =1,800 V. 9.91. 2.14 10-4 pF/m. 
T P 
9.92. We have E EFRA where t is the charge per unit length of the 


cable, and x is the distance from the cable axis. The quantity + can be found 
from the following relation 


Ca Zhe! Qt a whence pe ero 
RU, Uz R 
loge —- loge -~ 


where Uy is the potential difference between the core and the sheath. Hence the 


intensity of the field E Baye Insertion of the data gives E = 136 kV/m. 
x loge — 
r 


9.93. The work of the forces of the electric field is converted into the kinetic 
energy of the electron, i. e., v=. We have dW =QdU =—QEdx. Since 
la 


I 
QU, loge + 

pl then W=-— LE —_— whence 

x loge —— xloge—- — loge —— 

2QU, log, i 

——_——_». Upon inserting the numerical data, we obtain 


U= 








m loge Z 
V = 1.46107 m/s. 
9.94. Inside the cylindrical capacitor the feld intensity £= Uo 
x loge —— 
Hence the potential drop in the first layer will be 
U Ueloge +4 
U,=-— Edx=— 2 R dx= R 
x log. — log. — 
r+d, r+d, 
The potential drop in the second layer is 
R 
Uyloge ——> 
Ur TER 
R 
log. — 
Whence 
log, t4 
u_ Y= 1.35 
Us 





310 ANSWERS AND SOLUTIONS [9.95—9.122 


9.95. C=9.6x 10- Jea 9.96. D U =300 V, (2) U =75 V. 
9.97. a 17x10- 


9.98. E 45m 
Note. This problem is similar to Problem 9.92, but the field of a concentric 
spherical ARa is taken. 


9.99, v= (RRR a 1.54107 m/s. 
12 
Note. This problem is § similar to Problem 9.93, but the field of a concentric 
spherical capacitor is taken. 
9.100. C=0.33 uF 9.101. C,:C3=3. 
9.102. Q, = Q, 8x 107°C, T =4 V, U¿=2V. 
9.103. From 1x10-8C to 1.7X10- C when connected in parallel and irom 
2.23x10-9C to 3.27x10-9C when connected in series. 
9.104. From 20 pF to 900 pF when connected in parallel and from 5pF to 
225 pF when connected in series 
9.105. W,=0.1 J. 9.106 W,=0.05 J 
9.107. ay R=7x10-3m, (9 Q= =7.0x10-9C, (3) C=1.55Xx 1072 pF, (4) W = 
=1.58x 10-5 J. 
9.108. (1)5x 10-5 J, 
(2) the energy of ‘each sphere is 1.25x10-5J and the work of discharge 
during connection is 2.5X10-5 J, 
e ue energy of each sphere is 31.25x10-7J and the work of discharge is 


a (1) U¡=3kV, (2) Q¿=2x10-8 C, (3) We =1.5x10-8 J and 
We =9Xx10-8 J, (44Q1=1.8x10-8C and Uj=5.4kV, (5) Q¿=1.2x10-8C, 


Us=5.4kV, (6) W,=8.1x10-5J, (7) W =2.4x 10-8 J. 

9.110. Q= 2.7x {0-«C. 

9.111. (1) Q =1.77x10-?C, (2) E=3,330 V/cm, (3) W¿= 2.94 J/m1. 

9.112. p=26.5 N/m?. 9.113. U= 15 kV. 

9,114. (1) E=560 V/em, (2) d=5Xx10-3m=5 mm, (3) v=10 m/s, (4 W. = 
= 6.95Xx 1077 J, (5) C=1.77x 1078 F, (6) 13. 9x 10-5 N. 

9.115. U=21.7kV 

9.116. E= pay seat W y= 2x10-5 J, Wp =0.8X 10-5 J. 

9.117 E,=£,=150kV/m, Wo =2X10-8 J, W ep =5X 10-5 J. 

9.118. (1) W 1 = 4.431077 J W.=1.78x10-8J, (2) W ea = 4.43xX 1077 J, 
We=1.11x10-5J. 

9119 e,=4.5. 

9.120. A a Na capacitance decreased by 1.1 RFs (b) the intensity flux 
decreased , (c) the volume density of the energy decreased by 
4.8x10-2 Ins, 

(2) (a) As in the first case, the capacitance decreased by 1.1 pF, (b) the 
intensity flux did not change (AN g=9), (c) the volume density of the energy 
also remained the same (AW, = 

9.121. (1) W,= SE Di 
the distance to the point under consideration from the surface of the bali -sron 


inserting the numerical data, we obtain W)=9.7X107? J/m3, (2) Wo= 


where R is the radius of the ball and x is 





Be, er 
t? 
=1.97 J/m’, (3) W, = T = 0.05 Jim. 


9.122. Let us denote the id density of the charge on the capacitor plates 
without the dielectric by o,, with the dielectric by og, and the surface density 


9.123} ELECTRICITY AND MAGNETISM 311 


of the bound (polarizing) charges by op. The joint action of the ch 
O, is such as if on the boundary between the conductor and the dielectric there 
is a charge distributed with the density 


0' =04— 0, (1 
Thus, o’ is the surface density of the “effective” charges, i.e., the charges which 


determine the total resulting field in the dielectric. Obviously, th titi 
are related to the corresponding fields as follows: the field without t te dielectric 


Eo =n TT 2) 


Td @) 
From Eq. (1), 6g=0q—o’, or from Eq. (3) 
0) =0e,E—eE=00 (0,—1) B= 09 (0, —1) U8 
(1) In this case U;=U,=U, and thus 


U _ 8.85x10-12x6x 105 
(a) 0,=£€o (e, — 1) a =— 3xl0-3 C/m? = 1.77 X 10-6 C/m?, 
(b) O4 — Oo = e9e,E — 28E0, and since with the power source connected E = E¿= u 
then 


04 — 07 = £o (€r — 1) c= 0 = 1.77 X 10-5 C/m? 


Thus, the power source causes additiona! charges to appear on the capacitor 
plates, which compensate for the drop in the charge due to polarization of the 
dielectric. 


(2) In this case Q= const and y 1% (see the solution to Problem 9.87) 
r3 


and hence 


U e, U, 8.85x10-12x6x1x 1053 
(a) 0) =*0 (e,—1) j= (e, —1) ef AA C/m? = 


= 2.53x 10-8 C/m?, 


(b) since Q =const, then 0,=00, i.e., the surface density of the charge on 
the capacitor plates does not change. 

9.123. The polarization vector P numerically equal to the surface density of 
the bound charges Op is proportional to the intensity of the field in the dielec- 
tric, i.e., P=0)=*'E. In the MKSA system the coefficient x’ is not a dimen- 
sionless quantity, but is measured in F/m. It can be shown that x’ = 4zt29x, 
where x is a dimensionless quantity (the tabulated value of the electric suscep- 
tibility). Hence 


U _4X3.14X8.85 x 10-13 x 0.08 x 4 x 108 


Op = Ame 9KE = Arex q = Bx 10-8 C/m? = 


=7.1x 10-6 C/m? 


Let us find the retative permittivity (dielectric constant). Since Op = € (e, —1) E 
(see the solution to the previous problem), then Op = ANEXE = o (e, —1) E, 


whence e,—l=4nx, ot e =1 441430 whence e, =1-+41x0.08=2, 
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Hence == and the surface density of the charge on the capacitor 
plates is ae 
_Uege,  4x103x8.85x 10-12 x2 gard ogni 
9.124, A E=3kV/cm, (2) %=! 59 Xx 1075 C/m3, (3) 0, =1.33x 1075 C/m?, 
(4) x’ == =4.44x 10-11 F/m, 04. 


9.125. U=1,750 V, 9.126. o, =6x 10-*C/m. 

9.127. (1) E=7.52x108 VÍm, D=eye,E=1.33x10-8C/m1, (2) 04 =67x 
x 1058 Cm, (3) 04=1.33x 1074 €/m, (4) W,=5 3/m, (5) 4" =8.9x 10-13 F/m, 
u= .08 

9.128. (1) op=5.3X10-6C/m?, (2) x'=1.77x 10-1 F/m, x=0.159. 

9.129. (1) W—1.97X10-8 1, (2) W = 9.8K 10-8 J. 


10. Electric Current 
t: 
10.1. (1) e=f iaf (4+ 2t) dt =48C, (2) /=12 A. 
10.2. (1) R= -n, o Ya) 87.5 Q, (b) 116.7 Q, (c) 175 2, (0) 350 Q. 
10.3. N=200 turns. 10.4. 1=500 m , d=10-3 m= 


10.5. R=0.0018 Q. 10.6. 2.22 mes: 
10.7. R,y=R,(1+af,), where Re is the resistance at O°C (and not at the 


EST =32.8 Q. Also Re= = 364 Q, and 
Ri— Ra— Ro 
Ra 


initial temperature). Hence Ro=]} 





since R= Ro (1 +@te), then l= = = 2200°C. 
10.8. 17.5 mA. 10.9. To a temperature of t=70"C, 


v 10.10 U=5. 
E 10.11. U, Siv. Us=U¿=4V, l2=2A, h=1A. 
Y 10.12, (0) 1=0.1] À, (2) U,=0.99 V, (3) Uz¿=0.11 V, 
E .1 
10.13 TER The curve in Fig. 96 shows 


how the potential drop U in the external circuit depends on 
R the external resistance R. The curve asymptotically appro- 
aches the straight line U=&=1.1V. 
Fig. 96 10.14 U=0.125V, R=7.5 Q. 10.15. n= 25% 
10.16. U=2.7V, r=0.9Q. 


10.17. 7: (1) x=9.1%, (2) x=50%, (3)x=91%. 
10,18. n =80%. 


10.19. In series connection of the elements /'= y = TER’ and in parallel con- 
e 


0.5r + R 


2x2 pet fe e 
A Carito 


A A Be SES 
O A=02A, / A 0.124 A. 


nection /"= 


0) = 
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Thus, when the external resistance is small, it will be good to connect the 
elements in parallel, and when it is great—in series. 


10.20. MR% (2) =10%, (3) R= 100%. 


10.21. (1) SR=20%, (2) SB 20, 0) $R =0.2%. 
10.22. ,=06A, 1,=0.4A, I=1/,+1¿=1A. 


10.23. The intensity of the current in the circuit /= 26 


4 
Ron A. The 
potential difference across the terminals of the first element U,=&—J/r,= 
=3 V. The potential difference across the terminals of the second element 
U,=6&—Irj=0. Determine in the general form 


~ 
o 





O nurit 
llo ll 


ENEE 


the relationship between R, r, and ra with which 
the potential difference across the terminals of 
one of the elements will be equal to zero. 

10.24. R,=1.580, R2¿=2.5Q, U,=7.5V and 
U,=125V. 

10.25. E=2 V, r=0.5Q. 

10.26. .2 A. 

10.27. 60 $2. 

10.28. =0.4 A, (2) U=32V. 

10.29. 60 2. 

10.30. =2A, (2) U=2V. 

10.31. 80 V. Fig. 97 

10.32. 170 V. 

10.33. (1) 0.22 A and 110 V, (2) 0.142 A and 53.2 V; (3) 0.57 A and 110 V, 
(4) 0.089 Á and 35.6 V. 

10.34. 7 =40 A. 

10.35. (1) The resistance R=0.02 2 should be connected in parallel with the 
ammeter, (2) the graduation of the ammeter will change and become 1 A/div 
instead of 0.1 A/div. 

10.36. (1) The resistance R=3,000 2 should be connected in series with the 
voltmeter, K the graduation of the voltmeter will change and become 0.5 V/div 
instead of 0.2 V/div. 

10.37. (1) The resistance R = 0.555 Q is connected in parállel with the instru- 
ment, (2) the resistance R=9,950Q is connected in series with the instrument. 

10.38. R=3008, !=21.2 m. 

10.39. See the diagram im Fig. 97; /,=12¿=0.365 A and /¿=0.73 A. 

10.40. By 6.8 V. 10.41. 208 W. 10.42. A=7.2Xx10-4 m2. 

10.43. (1) Qe 0.17, (2) pE=0.17. 10.44. (1) 5=59, (2) Heal. 

Ss. 

10.45. Q=1.08 kJ. E s 

10.46. (1) 2.4 kW, (2) 2.3 kW, (3) 96%. 

10.47. r=1 Q, H1 = 83.3%, Nz = 16.7%. 

10.48. Compile a table using the crosses on the curve in Fig. 34: 





6 





na foli | efe 4 |5 re] o |e 


re 

















P, W 0| 1.8 | 3.2 48 |5| 4.8 | 4.2 | 3.2 | 1.8 0 


O A A A 
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The power produced in the external circuit (net power) reaches its maximum 
when the external resistance is equal to the internal resistance of the element. 


The potential drop in the external circuit is U=z, where € is the e.m.f. of 
the element. Thus the efficiency of the element is n=0.5. In our case Pmax = 
=JU=5 W. Hence U= maS V=1 V, and therefore the sought e.m.f. 


of the element € =2U=2 V. Since Ez the sought internal resistance of the 


2r’ 
element r=£=02 Q. The potential drop in the external circuit U =+, and 
: U_P 
the efficiency of the element EST 


10.49. By using the crosses on the curve in Fig. 34, we find (see the solution 
to the previous problem) € =2 V and r=0, 29. The values of £ and r being known, 
it is easy to determine the required quantities n, P, and Pe. 

10.50. €=4 V, r=1 Q. 

10.51. For the dependence of U, P, and P, on R see the solutions to Problems 
10.48 and 10.49. 

10.52. €=6 V, r=1Q. 10.53. 60 W. 

10.54. 1 A. 10.55. 16 W. 10.56. £= 100 V. 

10.57. The potential difference across the lamp terminals changes from 30 to 
54.5 V. The power consumed by the lamp changes from 30 to 9.9 W. 

10.58. (1) Q,=6.37 J, Q¿=3.82 J, (2) Q,=16.2 J, Q,=27.2 J. 

10.59. More power (1.5 times) is consumed by the lamp with the smaller 
resistance. 

10.60. By 36°. 10.61. 2.9 litres. 10.62. (1) 1.2 kW, (2) 129. 

10.63. Q =2.5x 105 J=60 kcal. 

10.64. (1) 25 min, (2) 50 min, (3) 12.5 min. 

10.65. (1) 45 min, (2) 10 min. 10.66. In 22 min. 

10.67. (1) 5.4Q, (2) 2,100 J/kg-deg, (3) 49.62. 10.68. y=80%. 

10.69. (1) 14.4, (2) 11.3 m, (3) 1 kW. 10.70. By 3°. 

10.71. 133 kopeks. 10.72. In 49 min. 10.73. R=33 Q. 
10.74. The amount of heat liberated in the copper wire is 


Qy = myc, At = 6,1,A,c, AE (1) 
where ð is the density of copper, l, the length of the wire, Æ, its cross-sectional 
area, c, the specific heat of copper, and Af is the increase in the temperature 


of the wire. 
The amount of heat liberated in the lead fuse link is 


Qa = Sala Ag (C2At1 +r) (2) 


where r is the specific heat of fusion of lead, 8, the density of lead, /, the length 
of the fuse link, A, its cross-sectional area, c the specific heat of lead, and 


At, = ti to. 
Since both wires are connected to the circuit in series, we have 
= Q1_Ri_ 11401 
l,=13 and Qa Ra LAS (3) 


where p, and p are the resistivities of copper and lead, respectively. From Eqs. 
(1), (2) and (3) we have 


BACA AAN 
Ogly As (Cat, +1)  PalsAr 
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whence the sought temperature difference is 


At= p10, 43 (caAt, +1) 
pd, Alc, 


In our case (see the relevant tables in the Appendix) p,=1.7xX10-%Q m, 
P2=2.2X10-7Q2-m, 5,=8,600 kg/m3, 0¿=11,300 kg/m3, c,=395 J/kg deg, 
C,= 126.0 J/kg-deg, ty=327°C, r=2.26X 108 J/kg, ty—t) =327°— 17° =310° 
Upon inserting these data, we obtain At=1.8°. 

10.75. 1.55x 10% J/m3-s. 10.76. /,=/3=26.7 mA, /3=/¿=4 mA. 

10.77. Let us use Kirchhoff's law for the given branched circuit. First of altt, 
let us mark the direction of the currents with arrows in Fig. 98. 

Assume that the currents flow in the direction of these arrows. According to 
Kirchhoff's first law, for the junction C 


l3=1 +13 (1) 
(An identical equation is obtained for junction A.) According to Kirchhoft's 
second law, for circuit ABC 
lR + lR =ê: (2) 
and for circuit ACD 
T,¡R¡—l1R¿=€s (3) 


(Circuit ABCD could be taken instead of circuit ACD or ABC.) 

Now, we have three equations for determining three unknown quantities /,, 
/, and /,. When problems are solved on the basis of Kirchhoff’s laws, it is more 
convenient to present equations (1), (2) 
and (3) in their numerical form. In our 
case these equations will take the form: 


=ht+h (la) 
1013 + 451, =2.1 (2a) 
451, —10/¿=1.9 (3a) 


Upon solving these equations, we get 
1,=0.04 A, [¿=—0.01 A and /¿=0.03 A. 
The negative sign of /, shows that the 





direction of the current we have taken is Ra 
wrong, the current /, will actually flow I 
from D to C, and not vice versa, as was Fig. 98 


assumed when compiling the equation. 
10.78. U=1.28 V. 10.79. R=52, 1,=0.5 A, Ig=15A. 


10.80. R=0.75Q2, /,=2 A, Ip=4 A. 10.81. /=0.4 A. 10.82. 2 A. 
10.83. R,=20Q. 10.84. /=0.45 mA. 


10.85. /=0.001 A=1 mA. 

10.86. /,=0.385 A, /¿=0.077 A, [¿=0.308 A. 
10.87. /,=0.3 A, /¿=0.5 A, I¿=0.8 A, R3=7.5 Q. 
10.88, €¿=35 V, €¿=55 V. 10.89. [=9 A. 

10.90. €, 24 V, 8, =12 V, la=12 A, [¿=03 A. 
10.91. (1) 2.22 A, (2) 0.44 A, (3) 1.78 A. 

10.92. €,=6,=4 V, ri¡=f9=1 Q. 10.93. 100 V. 


10.94. €, =€¿=200 V. 10.95. 75 mA. 
10.96. (1) U,=120 V, U¿=80 V, (2) U,=U2=100 V. 
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10.97. In 2. hours. 10.98, (1) 10 min, (2) 4.6X10-® m. 

10.99. J =56 A/m?. 10,100, K=1.04X10-8 kg/C. 

10.101. The ammeter shows 0.04 A less, 10.102. 53 mg. 

10.103. (1) 149 h, (2) 1.49x10¢ kW-h. 10.104. W,=1,800 J. 
10.105. The energy required to liberate a mass M of a substance in electro- 
ysis is 
MUZF 

Ma (1) 


where F is Faraday's number, Ma the mass of a kilogram-atom, Z the valency 
and U the applied potential difference. To decompose 2 kmoles of water, i. e., 
to produce 4 ke of hydrogen, 5.75108 J of energy are required. Thus, in our 
ease, M==4 kg, W,=5.75X 108 J. Upon inserting the numerical data into Eq. (1), 
we obtain U=1.5 V. 

10.106. In weak solutions a1, i.e., all the molecules are dissociated. 
Therefore, the equivalent conductivity Ao =F (u,-+u_). In our case F=96.5x 
x 106 C/kg-eq, uy =3.26X 10-7 m?/V-s and u_ =6.4x 10-8 m?/V-s. Upon inser- 
ting these data, we get Aw =37.6 m2/Q-kg-eq. 

10.107. Q,=100 C, Q. =20C. 

10.108. (1) @=94%, (2) n= 10-2 kg-eq/m®= 10-2 g-eq/1 =0.01 N, (3) u} + 
+u. =1.35x10-? m?/V-s. 

10.109. R=1.8x105 2. 10.110. R=5.2X105 8. 

10.111. 3.9 m?/Q-kg-eq. 10.112, 92%. 

10.113. n¿=n_ =5.5X10% m-3, 10.114, 10-8, 


10.115. (1) J=2.4x10-7 A/m?, (2) £=0.01%. 10.116. f= 10-7 A. 


10.117. The maximum possible number of ionic pairs in 1 cm? of the chamber 
is obtained if the number of ions diminishes only due to their recombination. 





W,=/Ut= 


In this case N=an? and n= X= 3.2x107 


10.118. R=3.4X10%Q. 10.119. /=3.3x 10-9 A, q =3.3%. 


10.120. The lonization potential of an atom is the “potential difference which 
must be passed by an electron to ionize it when it collides with the atom. For 
this reason the velocity of the electron can be found from the equation 
mae, or v= i. Upon inserting the numerical data, we obtain 
v=2.2x 108 m/s. 

10.121. At 80,000? K. 10.122. 39.2 10-19 J. 

10.123. (1) 8.3x 105 m/s, 2) 1.4Xx 10° m/s. 

10.124. At a temperature of 7, the emissivity of tungsten is 


zw 
h=BT}e $7: (1) 
and at a temperature of Ty 
w 
la=BTie *?s (2) 
Upon dividing Ey. (2) by Eq. (1), we obtain 
Wfi 1 
dee Ts oF ERA 3 
i 1 (3) 
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In our case Ti, =2,400° K, Ta =2,500° K, W = 4.54 eV = 4.54X1.6X 10-29 J, and 
k=1.38x10-23 J/deg. Insertion of these data into Eq. (3) gives F26. 
1 


10.125. 11,000 times. 5 
10.126. The emissivity of pure tungsten 
at a temperature of T,=2,500° K is equal to 
aw 
jy=B,T2e *T:=2.84x 10% A/m?. The emis- 4 
sivity of thoriated tungsten at a temperature 
v, 


of T, is equal to la=B,T2e FT, According 3 
to the given.condition, f,=j2, i. e., 


Ya 
ByTie *T2=2.84 x 103 Ajm2 (1) 2 


Equation (1) can be solved in one of two 
ways: (1) graphically, and (2) by the method 
of successive approximations. Let us consider 4 
each of them. 

1. Graphical method. Let us plot the va- 
lues of T, on the axis of abscissas and 





W: ox 
those of yX 10-3=B,Tie *72 on the axis 1500 1600 1700 1600 
of ordinates (Fig. 99). The abscissa of the Fig. 99 
point of intersection of this curve with the 
horizontal straight line y=2.84 x 10% will give us the sought temperature. It 
is convenient to tabulate the results of calculations as shown below. 











Tz °K | z= e e-? yx10-" 
1500 20.3 1.6x10-=> 0.11 
1700 17.7 1.6x 10-8 1.38 
1750 17.1 3.7x 10-8 2.54 
1800 16.7 5.6x 10-8 4.25 





The diagram in Fig. 99 shows that the solution to equation (1) is T,,251760°K. 
(2) Method of successive approximations. Since the relation between the 
emissivity and the temperature is mainly determined by the exponential 
w 
factor e *7, and not by the factor 72, it may be assumed to a first approxi- 
mation that 
Zas. Ea 
BaTie *7==B,(2500)2 € *T2=2.84x 102 A/m? 
E 2.84 x 108 
whence e te= 27 — + =1.86x10-* and T,¿=1690K is the first approxi- 
221 
mation. 
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To a second approximation 
we 
B, (1690)2e *72=2.84x 10% A/m? 


whence T,=1770%K is the second approximation. 
Further 
sak 
By (1770)2¢ *72=2.84x 10% A/m? 


whence T,=1750°K is the third approximation. 
Similarly, 
Wa 


B, (1750 e *72=2.84x10* A/m? 


whence T,,=1760°K is the fourth approximation. i . 

It is easy to see that the fifth approximation coincides with the fourth appro- 
ximation with an accuracy to the third digit. Hence, the solution sought is 
T x = 1760°K. 


11. Electromagnetism 


11.1. A=39.8 A/m. 11.2. H =50 A/m. 

11.3. H,=120 A/m, H=159 A/m, Ha=135 A/m. 

11.4. A,=199 A/m, H=0, H; =183 A/m. 

11.5. The point at which the intensity of the magnetic field is zero lies bet- 
ween points Pe and /, at a distance of 3.3 cm from A. 

11.6. The points at which the intensity of the 
magnetic field is zero lie to the right of point A 
at distances of 1.8 cm and 6.96 cm from it. 

11.7. H,=8 A/m, Hy=55.8 A/m. 

11.8. H,=35.6 A/m, H,=57.4 A/m. 

11.9. H=8 A/m. The intensity of the mag- 
netic field is directed perpendicular to the plane 
passing through both conductors. 

11.10. The resulting field will be directed ver- 
tically upward if the field of the current compensa- 
tes for the horizontal component of the terrestrial 
magnetic field. Since 








: 1 1 
Fig. 1 =Hi=2= = = 
ig. 100 H=H,=5-. then r on Hi, 0.08 m. 
Wai: The intensity of the magnetic field at point C will be (see Fig. 100) 
1 
/ sin Odi a dð a 
n= aa But ¿=acot0 and d= — a5: Further r= in Hence 
2 


6, 
1 1 : Ae we 
H=- sin 0 d0— Tia (cos 0, — cos Oy). According to the initial condition, 


/=20 A, a=5x10-? m, 0,=60°, and 0,=180°—60°=120°. Upon inserting 
these data, we obtain A =31.8 A/m. 

11.12. H=56.5 A/m. 11.13. a<5 cm. 

11.14. (1) 1>0.245 m, (2) H=358 A/m. 11.15. H=77.3 A/m. 


11.16. U=% 0.12 V. 11.17. H=12.7 Ajm. 


~ 
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11.18. A=25.7 A/m. 11.19. (1) H=12.2 A/m, (2) H=0. 
11.20. (1) H=62.2 A/m, (2) H =38.2 A/m. 11.22. H =177 A/m. 
11.23. H=35.8 A/m. 11.24. U,=4U,. 11.25. L=0.2 m. 
11.26. r=8 x 10-2 m. 11.27. H=6,670 A/m. 11.28. H =1,250 A/m. 
11.29. 4 layers. 11.30. (1) NI=200 At, (2) 2.7 V. 

L 


—ió L 
11.31. == >= > -—— ; When 06 <0.05 we et ==3, 
D Yyi-(1-53 y2 et z>? 
11.32. =3%. 
11.33. The relation H =f (x) is shown in Fig. 101. 
11.34. H,=16 A/m. 
Note. See the solution of a similar problem on p. 110. 
11.35. n= 100 s~!. 11.36. D=1.13X10-4 Wb. 11.37. D=0.157 Wb, 
11.38. (1) ® = 1.6X10-* cos (4n¢ + 0) Wb, 
where 0 is the angle between a normal to the H 
frame and the direction of the magnetic field at 
the initial moment of time, (2) Omg,=1.6X 
10-4 Wb. 
11.39. We have x 
B 
be (1) Fig. 101 





According to the condition, H =10 Os=796 A/m = 800 A/m. From the graph 
B=[(H) given in the Appendix we find that B=1.4 T corresponds to 
H=0.8x10% A/m. Upon inserting the values of pọ, H and B in Eq. (1), we 
obtain p, = 1,400. 

11.40. 500 At. 11.41. 955 At. 11.42. p, = 440. 

11.43. /N =5,000 At. 11.44. B=1.8 T, p, =200. 

11.45. The magnetic induction is the same in the core and in the air-gap, i. e., 


D [Nu 


B, = B =— = -1 1 
2 1 A hgt (1) 
Uri Pra 
Since 
Bo =Pottpalls (2) 
then from Fq. (1) 
l 
B, — + pohla = IN po (3) 
Bri 


Equation (3) is an equation of a straight line in coordinate axes (H, B). But 
the quantities H and B are also related by a curve B=f (H). The ordinate of 
the point of intersection of straight line (3) and the curve B=f (H) gives us 
the magnetic induction B= B,. To plot. the straight line according to equation 
(3), we find: at H=0 


a= Photo 0.84 T 
and at B=0 j 
H= Th =2,000 A/m 
The sought point of intersection gives us B, = B,=0.78 T. Hence for the air-gap 


we have H,= = =6.2 105 A/m. 
11.46. 1.9 times (see the solution to the previous problem). 
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11.48. p=1 m*-A. 11.49. D=1.8x10-5 Wb, 


11.50. H =p. Let us take element dA of the ring cross-sectiona! area equal 


to dA=hdx. The magnetic flux through this element will be d® = BdA = 
= Holt gq dx. The flux through the entire cross section of the ring is 


la 
_Hoip/h (dx _ pour lh da 
D=- x Im Be l 
l 
Aïter finding p, and inserting the other data, we obtain D=1!1.8x10-5 Wb. 
11.51. 7=620 A. 11.52. /=60 A. 11.53. (1) /=11.3 A, (2) 1p = 457 











IN po ; 
.54. B= ————,_ wh th d b f - 

11 p = iin Elan whence the required number of ampere-turns 
INET ati) 1. + Hla. The curve B=f (11) shows that H = 800 A/m 
corresponds to B=14,0 Gs = 1.4 T Hence, [N=1.14x10* At Further, 
e IND 
== DN" whence ê = A See. 

(2) Since the wire diameter d= 44 —1.13x10-5 m, the solenoid will 

40x 10-3 ; E 
accommodate N = 1310-3595 turns. Since /=jA=3 A and N=3,830 


ae aw Il and, seeing that the 
wire diameter is 1.13x10-3 m, the 11 layers will occupy a thickness of 
1.2x10-2 m=1.2 cm. 

11.55. F=4.9 N. 





turns, the required number of layers will be 


Xs ke 
11.56. W= ( Fay = È e loz, 22 and the work per unit 
nx 2n Xi 
a ay Ila, x 
length of the conductors q =P 3 loge ?=8.3x 1078 J/m. 

11.57. 1, =1,¿=20 A. 11.58. (1) 3.53 10-4 N-m, (2) 4.5x10-¢ N-m. 

11.59. (1) 0.125%. (2) By 3.2x10-8 N. 

11.60. (1) M=2.4x10-* N-m, (2) M=1.2X10-® Nem. 

11.61. The rotating moment acting on the magnetic needle is M=pB sina, 
where p is the magnetic moment of the needle and B=ypu,A = holir is the 
induction of the magnetic field of the current. The rotating moment M turns 
the thread through the angle q=, where / is the length of the thread, 
r its radius, and a the shear modulus s the thread material. Since sina = 1, 
then M=pB=p Febr, Thus q= tee. In our case /=30 A, /=0.1 m, 
p=10-2 A-m?, a=0.2 m, G=600 kgf/mm?=5.9x 10° N/m? and r =0.05 mm = 
=5x10-5 m. Upon inserting these data, we obtain p=0.52 rad, or p=30°. 

11.62. /=10-7 A. 11.63. 5x101% N/m3, 11.64. A=5x10-4 J, 

11.65. (1) A=0.2 J, (2) P=2x10-? W. 

11.66. (1) The force acting on the radius ab ee 57) is equal to F=BJr. 
The work performed during one revolution of the disk W =BJ/A, where A is the 
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area described by the radius quring one revolution, i. e., the area of the disk. The po- 
wer of such a motor is P=-=wBlar =2.36 x 10-12 W. (2) The disk rotates 


counterclockwise, (3) The force acting on an element with the radius dx is de- 
termined by the formula dF = B/dx. The rotational moment acting on this ele- 
ment dM =x dF = Bix dx, where x is the distance to the element dx from the 
axis of rotation. The rotational moment acting on the entire disk is 


r 
3 
M= Bix d=? . In our case B=0.2 T, /=5A, and r=5x10~2 m. Upon 


0 
inserting these data, we obtain M=12.5x 10-4 N-m. 
11.67. /=15.3 A. 11.68. D=1 Wb. T 

n 


11.69. (1) R=9x10-3 m. (2) We have Ta- i where R=. Therefore 


re ,1.e., the period does not depend on the velocity of the electron. Upon 
inserting the numerical data, we find that T=3x1078s. (3) 1.5x10- kg. m2/s, 

11.70. F=4Xx10-1% N, 

11.71. F=4.7x10-1 N, 

11.72. a¿=0 during the entire time of mo- 
tion, a, =const=7x 1015 m/s3, 

11.73. W,=17.3 MeV. 


11.74. L1 11840. 
R; m 


11.75. ie m = VT B40 = 42.9. 
11.76. Vems keV. 





11.77. Sere C. 

11.78. Two times. 

11.79. (1) F=5x10-1 N, (2) R=3.2x ~- Fig.. 102. 
x10-2 m=3.2cm, (3) T=1.3x10-8s, 

11.80. W_=500 eV. 11.81. R,=0.195 m, R3=0.200 m. 

11.82. Q/m=4.8x 10? C/kg. For the electron Q/m=1.76x 101! C/kg, for the 
proton Q/m=9.6x107 C/kg, and for the a-particle Q/m =4.8x 107 C/kg. 

11.83. The total displacement of the electron is x=x,-+ x% where x, is the 
displacement-of the electron in the magnetic field (Fig. 102) In the magnetic 


field the electron moves along a circle whose radius of curvature is R = . The 
displacement x; can be found from the relation x, =DC=OC—OD. But OC=R 
and OD= VY OM?— DM?= Y R3—(2 Thus, x, ae V RIA. The ai piane: 

` Xa Lm A Sofi a 
ment x, can be found from the proportion L DO’ whence x= l, VELE 


ns l 
Hence the total displacement will be x=R— Y R—124!, ===; - in our 





VRE 
case R= Mat y Un, where U is the applied potential difference. Sub- 


stitution of the data gives R= 4x 10-9m=4em, x= 4.9 10-?m=-4.9 cm. 
11.84. (1) a,=0, a=a===1.76x 10% m/s?, (2) @=0, a=a,= 


= V (+ (E) =20x10 m/s, 


21 —3574 
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11.85. (1) v=2Xx10% m/s, (2) R=2.3x10-2 m. q 
11.86, The velocity of the electron flying into the magnetic field is v= ze . 
Let us resolve the velocity v into two components: v; directed along the force 
lines of the field, and v, directed normal to them. The projection of the electron 
path onto a plane perpendicular to Bis a circle whose radius is equal to the 
sought radius of the helix and can be determined from the formula 


—_ MUA _ musina 
E ~ eB (1) 


where a is the angle between the direction of the electron velocity v and the 


direction of the field. Since the period of electron rotation is T = A 
= an the pitch of the helical trajectory of the electron will be 


eB 


Upon inserting the numerical data into Eqs. (1) and (2), we get: (1) R= 
= 10-3 m=1 cm, (2) 2=11X10-2 m=11 cm. 

11.87. W,=433 eV. 11.88. (1) R=5 mm, (2) /=3.6 cm. 

11.89. Pete ae m=3,94 cm. i y 


11.90, (1) n= =8.1X10% m-3, (2) == qq 311074 m/s. 
11.91. U=2.7x10—* V. 11.92, u=0.65 m3/V-s. 
11.93. ¿=—L =-— 7 (Bldx)=— Blo=—0.15 v. 


11.94. E. =78.5 V. 11.95. £=165 mV. 

11.96. Upon each revolution of the rod, the magnetic Mux which it intersects 
is equal to D = BA=Bnl?, where J is the length of the rod. If the rod makes 
v rev/s, then &= Bul?v = Bul? BPS, where w is the angular velocity of 
rotation. Upon inserting the numerical data, we obtain €=0.5 V. 

11.97. v=0.5 m/s. 11.98. €,=1 V. 

11.99. Engx=D,o = BAN2nv, where N is the number of coil turns and y 
is the number of revolutions per second. Upon inserting the numerical data, we 
get Emax=3.14 V. 

11.100. Ema =0.09 V. 11.101. £=4.7 mV. 11.102. At 6.4 rev/s. 

11.103. €, =0.018 V. 11.104. £a =5.1 V. 11.105. 8, =1.57 V. 

11.106. Emas =250 mV. 11.107, (1) L=0.9 mH, (2) L=0.36 H. 

11.108. L=5.5x10-8 H. 


11.109. u) L=7.1x10-* H, (2) 0=3.55x10-* Wb. 
11.110. Nan turns. 11.111. p,=1,400. 11.112. At /=1 A, 
31.113. 


=500. 11.114. (D p,=1,400, (2) /=1.6 A. 
11.115. (1) p,=640, (2 L=6.4x10-3 H. 

11.116. (1) L=9.0 H, (2) L=5.8 H, (3) L=0.83 H. 
11.117. We have 


L,= poppntl A (1) 
and 
N 
L= poppn3lA (2) 
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The mutual inductance of coils with a common core is 


Li, q= Hop ninalA (3) 
Upon multiplying Eq. (1) by Eq. (2), we obtain L,L¿= (uou,14)1n1n3, whence 
V LiL, 
mnam el o 
Upon inserting Eq. (4) into Eq. (3), we find that L,a=YVL,L; Since Ey 
== Laa Sp. the mean current intensity in the second coil Le oe 


LL, Al 
= VLL, gr. Upon inserting the numerical data, we obtain /,=0.2 A. 


11.118. The quantity of electricity induced in the frame is 
€ 1 
Q=- q | 0=- (0,0) a) 
o, 


where @, is the magnetic flux through the frame in its first position, and O, 
in its second position. In our case ®,=0 and, besides, 





da de de a 

In equation (2) a is a side of the frame, A, the area of the frame and 

Aw the cross-sectional area of the wire. Since ®,=BA;, then finally 
BAw V å 

Q=—— =0.074 C. 


11.119. Q =1.5Xx10-7¢ C. 11.120. Q =2.5x10-¢ C. 
11.121. Sia 10-8 C/div. 11.122. B=0.2 T. 


11.123. The intensity of the magnetic field in the toroid is 
IN 
H=-7 (1) 


If the direction of the current in the primary coil is reversed, the quantity of 
electricity passing through the galvanometer will be ao 2 where @ is the 





magnetic flux piercing the cross-sectional area of the toroid, aot R is the 
resistance of the secondary circuit. But © = BA = popr H A = Mor A A , hence 


—2N quopr A/Ny = QR! i ly obtain 
Q= Ri , and pp TRNINA But Q=Cpa and we finally o 
Cpa RI (2) 


"r= 2u0N NA] 
Upon inserting the various values of / and the corresponding values of a from 


the table given in the problem into equations (1) and (2), we get the following 
table: 


21* 
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1, A 0.1 | 0.2 | 0.3 | 0.4 0.5 
H, A/m | 133 | 266 | 400 533 | 667 
Ur | 1,440 2,190 | 2,050 | 1,790 | 1,520 


11.124. p, = 1,200. 11.125. In 0.126 s. 11.126 In 2.5x 10-43 s. 

11.127. 1.5 times. 11.128. In 0.01 s. 

11.130. (1) O=B,A sin wf =2.5x 10-5 sin 10011 Wb, Dag =2.5X10-5 Wb, 
(2) € =-—7.85x 1073 cos 10031 V, Emax=7.85x 1073 V, 
(3) / =-2.3 cos 100711 A, Im2x=2.3 A. 

11.131. (1) € =—33 cos 10011 V, 


LP ‘ 
(2) W¿==7-=0.263 sin? 10011 J. 
11.132. (1) t=- Lya =- Lsa cos wi =—15.7 cos 10011 V, 


(2) Emax=15.7 V. 


Chapter 4 
OSCILLATIONS AND WAVES 


12. Harmonic Oscillatory Motion and Waves 


12.1. x=5sin (sat ++ cm. 12.2. x=0.1 sin 0.5xt m. 


12.3. (1) x==50 sin (F+4) mm, (2) x,—=35.2 mm, %,=0, 


12.4. (1) x=5 sin om, (2) x=5 sin (F+4) cm, (3) x =5sin (F+2)em, 
(4) x=5sin (% t37 cm, (5) aci E cm. 
472 4 z 
12.5. See Fig. 103. 
12.6. We have x=A sin (F+e) . Accor- (1) t 
ding to the initial condition, +; in addi- z 
tion, T =24 s and p=0. Hence 0.5=sin 
m' 
PS (2) t 
iLe., (51)=0w == whence (= 2s. 
12.7. t=4T. 12.8. In 1 second. z 
12.9 v ê L7.85x 10- 2 m/s, amax™= 12.3X 
x10-2 m/st MIR, (3) t 
12.10. (1) 4 s, (2) 3.14x10-2 m/s, (3) 4.93x 
x10-2 m/s?, 


12.11 According to the given condition x= 
= sin = t. Hence the velocity v = Zo (4) Both sinusoids caincide 
= = cos (41). The velocity will be maxi- Fig. 103 


6 
maximum velocity is attained in ¢=0, 6, 12 s, and so on. The acceleration will 


be maximum if sin =! =I, i.e., when = t=(2n+ 1) 4. Thus, the maximum 


mum if cos +! =1, i.e., when Z tann, where n=0, 1, 2, etc. Thus, the 


acceleration is attained in t£=3, 9, 15 s, and so on. 
12.12. v==0.136 m/s. 12.13. x=5x10-2Xsin E + 5) mi 
12.14. A=3.1x10-2 m, T=4.1 5. 1215 Pag, =24.6X10-5 N 


326 ANSWERS AND SOLUTIONS [12.16—12.27 


12.16. Pay =19.7x 1075 N, E, =4.93x10-8 J, 

12.17. The kinetic, potential and total energies of a point oscillating in 
conformity with the equations given in the problem versus the time is illustrated 
in Fig. 104. The diagram is given within the limits of one period and shows 
that the period of oscillations of the energy is half that of the oscillatory 
motion itself. 

12.18, (1) E£=3, (2) E£=1, (2 Feat. 

Ep Ep E,_ 3 

12.19. (1) FA=15, (2 ££=3, (3) Zk =o. 

Ep Ep E 
FA? 


P 
12.20. x=0.04 sin (a+) m. 12.21. x= pp =1.5x 10-9 m. 


12.22. The period of oscillations of the ball T=2n q=28 s. With 


smal! deflections from the position of equilibrium, the amplitude of the 
oscillations can be found as follows: 
A=Isina=2x0.0698 m=0.14 m. The 
equation of motion of the ball can then be 

: 21 _ ont 
written as x=A sin T t)=0.1l4sin 75m 
if the time is counted from the position of 
equilibrium. When the ball passes through 

the equilibrium position, its velocity will 
maximum. Since p=0.1tx2% cos E m/s 
il 2.8 ‘i 


2.8 
as m/s=0.31 m/s. This 


Fig. 104 velocity can also be found from the rela- 
tion mgh= T, where h is the height 
which the ball is raised to. Hence v= V 2gh. It can easily be seen that h= 
= 1(1—cos a), where / is the length of the thread. Thus, v= V 2gi (1 — cos æ) = 
= 0.31 m/s. When the pendulum is greatly deflected from the equilibrium 
position, its oscillations will no longer be harmonic. 
12.23. 0.78 s. 12.24. k=805 N/m. 
12.25. The period will be halved. 
12.26. The period will be reduced to five-ninths. 





then Umax = 








12.27. We have T,=2x y= 
or 
Sa a) 
After more weights Am are added, we have 
T,=2n fee, or Thaans BEAT (2) 
By subtracting Eq. (1) from Eq. (2), we get TT] =4me 32. But == 


ang, where F is the force causing the elongation Y. Thus, 72—T? = 4n? Sor 
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al=¿5 (Ti—T3). Upon inserting the numerical data we obtain Al=2.7x 


x10-2m=2.7 cm. 

12.28. T=0.93 s. 

12.29. The floating aerometer is acted upon by the force of gravity (down- 
ward) and the Archimedean force (upward): Therefore, in equilibrium G =pg (V+Sh), 
where (V -+ Sh) is the portion of the aerometer in the liquid. If the aerometer is 
submerged to the depth x, the resulting force of expulsion will be F=pg[V + 
+ S(h+x)j)—G=pg(V+S (h+x)]—pg V+SA)=pgSx=kx, where k=pgS. 

‘ m 4 ms 161m 
Thus, sinceeT=2n Y/ 1, then T=4 y/ Og? Whence p= -agis = 890 kg/m’. 


12.30. x=3.7X 10-2 sin E +5) m 
12.31. A=4.6X10-2m, p=62°46’, 12.32. a=. 


12.33. (1) A=5 cm, p=36%52' =œ 0.27, (2) x=5 sin (su +0.2x) cm. 

12.34. (1) From the spectrum of the complex oscillation (Fig. 61) it follows 
that the first oscillation has an amplitude of A,—0.03 m and a frequency of 
v,=0.2 s-1, the second A,=0.02 m and v,=0.5 s~!, and the third A¿=0.01 m 
and v3=1 s”1, Thus, the equations of these oscillations will be as follows: 


x=0.03 sin 0.4n¢ m 
x=0.02 sin nt m 
x=0.01 sin 2nt m 


(2) Qualitative diagrams of these oscillations are illustrated in Fig. 105. 





Fig. 105 


(3) Compile tables showing x=f (t) for all these oscillations and draw a di- 
agram of the complex oscillation by summation of the ordinates of the sine 
curves for a number of points on the axis of abscissas. ; 

12.35. The spectrum of the complex oscillation is shown in Fig. 106. 

12.36. We have 


x= A sin 21,1 (1) 


and 
A= A (1 + cos 27vst) (2) 
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Upon inserting Eq. (2) into (1), we obtain 
x= Ay (1 + cos 21 vet) sin 21 v,1 = A, sin 211v,1 + A, cos 21 vel sin 21, = 
= Ay sin 21,1 4% sin [25 (v, — Ya) +% sin (211 (v, + V2) £] 


Thus, the oscillation being considered can be resolved into three harmonic oscil- 
latory motions with frequencies of vı (v¡—3) and (v, + va), and amplitudes, 


0.06 


0.04 
0.03 
0.02 
0.01 





Fig. 106 


respectively, of Ap, a and ae The amplitude of the complex oscillation will 


vary with time. This kind of oscillation is no longer harmonic oscillatory motion 
and is known as a modulated oscillation. 

12.87. When two mutually perpendicular oscillations having the same period 
are summated, the equation of the trajectory of the resulting oscillation is 


x y 2xy 
—— +  — T Cos (P3 — Q1) = sin? (P — 1 
a ta TA (Pa— 9:1) (Pe — P1) (1) 
Since in our case (p¿— 1) =0, equation (1) may be written as 
xa yl 2xy 6 y i 
24 E, or {(—-+] =0 
A A Aih: A, Az 
whence y= 4s is the equation of a straight line. In this way, the resulting 
1 
oscillation will take place along a straight line. The angle of inclination of this 
line can be found from the equation tan a= 5? =0.5, whence a= 26°34’ The 
1 
period of the resulting oscillation is equal to the period of the constituent os- 


cillations, while the amplitude of the resulting oscillation A=V A? + A= 
=0.112 m. Hence, the equation of the resulting oscillation takes the form 


s= 0.112 sin 107443 m. 
12.38. (1) 7 cm, (2) 5 cm. 
12.39. 7 +451. This is the equation of a circle with a radius of 2 m. 


12.40. We have 
x= COS nt N (1) 
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_ at je 
Y= 008 y = a a 


2y? —1=cos nt (2) 
2y2—1 
x 


and 


or 





Upon dividing Eq. (2) by (1), we obtain 
the equation of a parabola. 
2 2 
12.41. += 1. This is the equation of an ellipse. 


12.42. y=—0.75x, which is the equation of a straight line. 
12.43. (1) The equation of damped oscillations is 


=1, or 2y3—x=1, which is 


x= Ae-"t sin (ot + 9) (1) 
In our case ata p=0 and =T_1604 The amplitude A can be 
T2 T 4 
found from the condition x=4.5 cm at tata s. It can be easily found 
from Eq. (1) that A=6.7 cm. Thus, equation (1) becomes 
x= 6.7e-0-4t sin 5 t (2) 


(2) To plot the diagram let us find the moments of time t,, ta, ta, ... which 
correspond to the maximum displacements x. The maximum of x can be deter- 


mined from the condition v= FZ =0, From equation (1), when p=0, we have 


v= Awe-*t cos wt — Ade~*t sin wt =0. Hence 
o 2n 
tan of = F = at (3) 


It can be seen from equation (3) that only in the case of undamped oscillations, 
mo, 21, n => 
when 57 =0, the value of tanat=oo, or at=>3. i.e, FFF’ o t= T` 


0.421 
In our case tan ot = 57 =3.925, i. e., œt = 75°42’ æ 0.4217, whence t= = ES 





=0,842 s. Thus, x=Xmax at ty = 0.842 s, tyaty + 2.842 s t=4+T= 


= 4.842 s and (=, +52 6.842 s, etc. Upon inserting the found values oft 


in equation (2), we can easily find the corresponding values of xy, Xg X3 --. 
12.44. See the solution to the previous problem. 
12.45. v, =7.85 m/s, 0, = 2.88 m/s, vs=1.06 m/s, vą=0.39 m/s and 050.14, m/s. 
12.46. From the formulas for damped oscillations we have Ay=Ae~* and 


Ag = Age "t+T, whence Le, According to the condition 37 =0.2, whence 
2 
A, 


age 


330 ANSWERS AND SOLUTIONS [12.47—12.57 


12.47. 8T =0.023. 12.48. 0) 120 s, (2) 1.22 s. 
12.49. 1.22 times. 12.50. Eight times. 12.51. t=6.4 s. 
ôT Two 
12,52. 1 6=0.46s7!, 2 3=10 -1, 3 ð = = = —_ > —=6.95-1 
(1) DIA O =F AT 
12.53. The equation of natural oscillations has the form 


x= Age ®t sin Wot (1) 


Let us find (y. According to the condition, the phase shift between the natural 
and forced oscillations is —0.75x, and therefore 


tan p= = tan (—0.751) =1 





03 —o? 
Hence 
= V of +250 (2) 


In our case @= 100 and 5=1.6 s-!. Upon inserting these values in Eq. (2), we 
obtain o)=33= 10.50 and thus the equation of natural oscillations takes the 


form 

A x= 7e~1.8 sin 10.52 
i Ep The equation of an external periodic 
orce is 


F =F, sin ot 


Let us find the maximum external perio- 
dic force Fy. We have 


0 wo Fy=AmV (w3— o*)?+ 48201 

Fig. 107 Upon inserting the numerical data into this 
equation, we obtain F,) 7.2 x 10-?.N, 
and then the equation of the external periodic force becomes F=7.2x 
X10~? sin 10nt N. ] 

12.54. The nature of the relation between the amplitude A of the forced 
oscillations and the frequency œ of the external periodic force is illustrated in 
Fig. 107. 

12.55. The pram will begin to swing heavily if the time between two con- 
secutive jolts on the depressions is equal to the period of naturai oscillations of 


the pram, which can be found from the formula T == 2n V =. In our case 


1 
m= 285 kg, which is the mass per leaf spring; == E 490 N/m, 


and therefore T=0.63 s. The time between two consecutive jolts ł= =, where 
v is the speed of the pram and / the distance between the depressions. In our 
l t 0.3 = 
case t= =T, whence == % m/s=1.7 km/h. 
12.56. A=3X10-0 m. 12.57. (1) 350 m/s, (2) 0.X85 m/s. 
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12.58. (1) In our case the equation of the wave takes the form 
: nl 
x=10 sin (05157) cm (1) 


Thus, x=f (t, l), i.e., the displacement of the points lying on the ray depends 
on the time t and the distance 1 from the point to the source of oscillations. 

(2) For a point at a distance of 600 m from the source of oscillations, equa- 
tion (1) can be written as x=10 sin e nt—zx) cm, i.e., at £=const we obtain 
0 hence, the displacement of a fixed point lying on the ray changes 
with time. 





: 3 TU 
(3) When t=4s, equation (1) becomes x=10 sin (22-355) em. In 


this case ¢=const and x=f,(l), l.e., different points lying on the ray have 
different displacements at a given moment of time. 

12.59. x=:0.04 m. 12.60. x=0, v=7.85X10~2 m/s, a=0. 

12.61. Ap=x—the points oscillate in opposite phases. 

12.62. Ap=4n—the points oscillate in the same phases. 

12.63. x=0.025 m. 12.64. 1=0.48 m. 

12.65. (1) The position of the nodes is determined by the coordinates 
x=3, 9, 15, ... cm and that of the antinodes by the coordinates x=0, 6, 12, 
18, ... cm. (2) The position of the nodes x=0, 6, 12, 18, ... cm and that of 
the antinodes x=3, 9, 15, ... cm. 

12.66. 4=0.1 m. 


13. Acoustics 

13.1. A=0.78 m. 13.2. From 4,=17 mm to A¿=17 m. 

13.3. c—5,300 m/s. 13.4. c=3,700 m/s. 

13.5. Since Young's modulus E is related to the compression coefficient B 
by the formula pak, then B=. Upon inserting the numerical data, we 
obtain B=7.1x10-10 m?/N. 

13.6. 1,810 m. 13.7. (1) 318 m/s, (2) 330 m/s, (3) 343 m/s. 


13.8. 1.12 times. 13.9. c=315 m/s. 13.10. c= m/s. 
13.11. c=336 m/s. 13,12. t=-—54*C. 


13.13. n=2=0.067. 13.14. 3051". 
3 


13.15. 2=1.26 (see Example 2 In the introduction to this chapter). 
1 
13.10. 22-112 13.17. 42 1000. 
Ap, ls 
13.18. (1) AL=30db, (2) SPs 31.6. 
Py 


13.19. (1) L=100 phons, (2) Ap=2 N/m?. 
13.20. (1) By 34.8 phons, (2) by 44.8 phons. 
13.21. The groove pitch on a phonograph record can be found from the for- 


mula l ==, where w is the angular velocity of the record in rotation, Upon 
inserting the numerical data we obtain: (1) /=2.25x10-? m=2,25 mm, 


(2) 1=7.5X 10-4 m=0.75 mm. 
13.22, (1) /=8.15 mm, (2) ¿=0.41 mm. 
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13.23. When oscillations are generated in the steel bar, it will op a 
standing wave with nodes at the points of clamping and antinodes at the free 
ends. The distance between adjacent antinodes in the standing wave of the air 
column is equal to half the length of the generated sound wave. Denoting all 
the values pertaining to the steel bar by the subscript 1 and those pertaining 
to the air column by 2, we obtain 


M c 
ho Cs 0) 
On this basis, the sought length /, of the air column can be found from the condition 
A 
n > =h (2) 


where n is the number of antinodes. From Eqs. (1) and (2) we have l= 
= "0. Hence (1) A=21, and (4=0.392 m, () M=4 and l,=0.784 m. 

13.24, 1=0.715 m. 

13.25. Approximately up to 43,000 Hz—ultrasonic frequency. 

13.26. (iy v’ = 666 Hz, (2) v’=542 Hz. 13.27. 10%. 

13.28. (1) 28.3 km/h, (2) 14.7 km/h. 13.20. 4 times. 

13.30. v=71 km/h. 13.31. v,=4.50x10% Hz and va= 4.66X 10% Hz, 

13.32. /=0.63 m. 13.33. F=7.3 N. 13.34. v=158 Hz. 

13.35. We have 


wy Fay E 
Y VE=VR (1) 
and 
Ve—V,=8s~! (2) 


Upon solving Eqs. (1) and (2) simultaneously, we get 
Vq = 252 Hz 


13.36. v=250 Hz or v=254 Hz. 13.37. v=250 Hz, 
13.38. (1) A standing wave with antinodes at both ends is formed in an 
open tube. Obviously, in this case a halfwaves can be accommodated over the 


tube length /, where n=1, 2, 3, ..., i-e., tank. The frequency of the sound 


wave will thus be v=+=3 When n=1, the frequency oí the fundamental 
x c 
tone is v=>7: 
(2) In a closed tube a standing wave has a node at one end and an antinode 
a 
at the other. Obviously, in this case l=n7 and v=i=3 When n=1, the 
frequency of the fundamental tone is vez. 


13.39, v=261 Hz, /=0.65 m. N 
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14. Electromagnetic Oscillations and Waves 


,500 m. 14.2. From A, =700 m to à= 1,950 m. 

2.7 MH. 14.4. e,=6. 

1) U=100 cos (20x 103) V, fen akin (2) Uj= 
Par =-—11.1mA, U¿=0 and /¿= 7 mA, Ug=—100 V and /¿=0. 
1) E, ¿=12.5x10- osos cian E m=12.5x 10-8xsin? (21 x 
) Eto, = const = 12. 5x10-8 J. 

) E, =6.25x1075 J, Ei =6.25x10-8J5 and E),,=12.5x10-8 J; £2) =0, 


= tt tl 


4.1. 
4.3. 
4.5. 
0.7 V 
4.6. 
034 


x 


1 
1 
l 
7 
1 
1 
Q 


Er, =125x1078J, Ez =12.5x 10783; Esj=12,5X10-8J, Et;=0 and É% = 
= 12.5x 1073 J. 

14.7. (1) T=2Xx10-4s, (2 L=10.15MH, (3) /=—157 sin 10%1t ma, 
(4) 4=6x 106 m. 


14.8. (1) T=5x10-35, (2 C=6.3x10-7 F, (3) Ung=25.2V, (4) En = 
=2x 10-43, (5) Es =2x 10-43. 


14.9. We have U =U, cos wt and taco ==—CU, wsin wt. Consequently, 


3 
En= => LC*U 2w? sin? of, Ea= = CU cos? wt 
Hence 
Em _LCw? sin? wt ae 
La a eo tan? œt 
When =F. the value of sin Po and of cos w= V2, Besides, since 
T? l En __sintot 
LC= mw then finally ET ora” 


14.10. (1) T=8x10~3s, (2) S57=0.7, (3) U=80e-8*! cos 25071 V, 
(4) U,=-—56.5 V, U;=40V, Uy=-—28V, U,=20V. 

14. i. (1) Assuming the resistance to be sufficiently small, let us find the 
period of oscillations from the oe T=2n VLC =2x10-* s. Further we 


have U,=U,e-*#, whence 6¢=dT loge y According to the initial con- 
dition, =e or a3 when ¢=1078 s. Therefore, 
1 
U 
T log, +2 
x U, lor. 3x2X10-0 
MAA NA 


(2) R=11.1Q. It is easy to see that this value of R agrees with the con- 
dition for applying the formula T=2n WLC. 


14.12. 1.04 times. 14.13. or AE 0008. 
u 
T loge 100 ag 


==0. -3 š . 10. = .7 . 
14.14, ¢ SBF 6.8X1073 s. 14.15. C=0.7 pF 


14.18. R=4.1 Q. 14.17. 300 Ha. 

14 18. (1) /=4.6 mA, (2) U;=73.4V, Us=14646 V. 
14.19 (1) 74%. (2) 68%. . 14.20 0 Wt 52.5%, (2) 68.5%. 
14.21. C=3.74 pF. 14.22. 
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14.23. 
No. Z | tan 
1 y R? aL- al 
+e RoC 
R 
2 Vapi peas 
W. 
3 R? + (oL) R 
RoL R 
‘ VR DÍ ol 
1 
— blane 
5 R+ (0-5) oC 
V aC R 


14.24. (1) Z=4,380 2, (2) Z=2,180 Q. 
14.25. /=1.34 A, Uc=121V, Up=134V, and U,=295 V. 
14.26. R=12.3 Q. 14.27. R=40 Q, L=0.074 H. 

14.28. Up= 156 V. 


Chapter 5 
OPTICS 


15. Geometrical Optics and Photometry 


15.1. Through 2a. 

15.2. a =—15 cm and y' =5 mm. The image is real, inverse and diminished. 
15.3. a¿=0.12 m, y ‘=:—8 mm. The image Is virtual, erect and diminished. 
15.4. ag=7.5 cm, y’=—-1.5 cm. The image is virtual, erect and diminished. 
15.5. a =—0.6 m, a =—0.3 m 

15.6. d Í) F=—10 ‘cm, (2) D=—10 diopters 

15.7. The total linear magnification of the system is 6, 


15.8. a: the image will be in the focus of the reflector; y=7.5 cm. 


18.9. Let us denote the longitudinal aberration AF by x and the transverse 
aberration FH by y. From the isosceles triangle OAM (see Fig. 62) we have 


0A=+2_—. Butx=AF=0A—0F=0A4—L. y e,, finally 
2c0s a 2 


(orar! ) (1) 


lí a=0, then cosa=1 and x=0. 
Further, y=FH=xtan Z HAF, But Z HAF as an external angle of A AOM 


l —! ) tan 2a, If a=0, then cosa=1, 
cos Qu 





is equal to 2a, and hence =$ ( 


tan 2a=0 and y=0. 
15.10. x=1 FA cm, y=1.5 cm. 18.11. A=8 cm. 
15.12. d=0.1 m. 15. 13. =5.8 mm. 15.14. tani=n. 
15.15. 0) 41°8’, (2) 48°45’, (3) 61°10’. 
15.16. At an angle of 41°15’ to the surface of the water. 


15.17. 2.02108 m/s. 
15.18. We have sae = y, where n, is the refractive index of glass. Total 


internal reflection from the surface separating the water and the glass will occur 





if the condition sin r= a is satisfied. Hence, sin i = n, sin r= n T =n, = 1.33, 


i.e., sini > 1, and the conditions of the problem cannot be satisfied. 
15.19. 6.114 m. 15.21. pp = 41°28’ and py =4 
15.22, The violet rays are abel to Ptal internal reflection, and the red 
caya emerge e from the glass inte e air. 
37". 15.24. 28%. 15.28. 6%”, 
5:28. 10°8’, 15.27, 77°22’. ren 4°47’, 
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15.29. sin Stn sin, In this case the deflection of the ray from the 
initial direction will be minimum. 

15.30. 5, 30°37’ and 6, = 33°27’. 16.31. F=0.146 m. 
$ 1337 10 0.188 m, (2) 0.30 m, (3) 0.75 m, (4) —0.188 m, (5) —0.30 m, 
(6) —0.75 m. 


15.33. (1) Bal, (2) in this liquid the first lens wili be a diverging, and 
2 


the second a converging one. 
15.34. D==2 diopters, 15.35. ag=0.3 m, y=4 cm. 15.37. | m. 
15.38. (1) 0.48 m, (2) 2.65 m, (3) 0.864 m. 15.39, F=0.47 m. 
15.40. F =—0.75 m; the lens will be a diverging one. 
15.41. F=0.59 m. 15.42. a,=—90 cm, az=180 cm. 
15.43. F,—F,=3 cm, 15.44. (1) 10 cm, (2) 5.7 cm. 
15.46. (1) 128, (2) 7.5. 15.47. |R,|=]Ra]|=25 mm. 15.48. 5 mm. 
15.49. k=562. 15.50. F=0.112 m. 15.51. 7%45”. 


15.52. (1) The diameter of the image d=2F tan F=46 mm. (2) A beam of 


2 
rays impinging onto the surface of a lens with the area E is concentrated in 


a $ nd? E' 4nD? _D? 
the Sun’s image with an area Te Hence ESTA > qa 383. 

15.53. (9 1 m, (2) 0.71 m. 15.54. 0 =8.34 Im. 

15.55. When a drawing whose dimensions are much greater than those of the 
plate is photographed completely, the image is obtained appaia y in the 
principal focus of the lens. When parts of the drawing are photographed, a full- 
size imagė is obtained if the object is placed at a double focal length from the 
lens (the image on the plate is obtained at the same distance). In this case the 


2 
area of the image increases (F) =4 times. The illumination of the plate 


will decrease the same number of times. Therefore, the exposure should be increa- 
sed four times. 

15.56. 5.7 times. Thus, a standing man will become suntanned better than 
one lying down. 

15.57. Two times. 

15.58. The illumination in the corners of the room 


E=- cos @ (1) 


The distance from the lamp to a corner 7, the quantity a (half the diagonal of 
the square floor), the side of the square floor b and the height of the lamp 
above the floor A are related by the obvious equation 


a=rsin a=7=htan a (2) 
From formula (2), the illumination may be expressed as E=- (cos a sin? a). 


To find the maximum of E, let us take the derivative 2 and equate it to zero 


dE! 
| 5 (2 cos? a sin a—sin’g)=0 
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whence tan?a=2, and the sought height 4 will be 


a b b 
h= — = = =?25 
tan a V2 tana 2 H 


15.60. When the desk lamp is burning. the illumination of the table edge is 
1.2 times greater. 

15.61. 2.25 times. 15.62. E x 8x10 ix. 

15.63. (1) M,=1.6X 105 Im/m?, L,=5.1x10% nt, 

(2) M¿=4X10% Im/m?, L¿=1.27x10t nt. 

15.64. (1) 12X10" nt, (2) 310% nt. 

15.65. The illumination will be the same with both the transparent and the 
frosted bulb: E;=F,=3.4 Ix. 

15.66. E=2x 108 Ix, M=1.5x108 Im/m?, L= 480 nt. 

15.67. E=4.2x101 lx. 15.68. E=210 lx. 

15.69. (1) 1.61x10-3 W/lm, (2) approximately 20/7. 


16. Wave Optics 


16.1. When one edge of the solar disk is photographed (the light source moves 
towards the observer) 
1 ve 


CY 





(1) 


and when the other edge is photographed (the light source moves away from the 
observer) 


„n we 





‘=a; (2) 
Since vey , from Eqs. (1) and (2) we find m=, Hence v= =x 103 m/s. 
__me? (AA)? 
16.2. U =g = 2,500 V. 


16.3. The displacement of the spectral lines towards short wavelengths indi- 
cates that the star is moving towards the observer. The radial velocity of its 
motion (i.e., the velocity along a line connecting the star and the Earth) can 


be found from the equation 2103 km/s. 


16.4. 1.3 times. 16.5. y, =1.8 mm, yg=3.6 mm, yg=5.4 mm. 

16.6. A=5Xx10-? m. 

16.7. The glass plate causes the difference in paths between the interfering 
rays to change by A=nh—h=h(n—1), where h is the plate thickness and n 
is the refractive index of the plate material On the other hand, as a result of 
the introduction of the glass plate a displacement by k bands took place. Hence, 
the additional difference in paths due to the plate is kA Thus, h(n—1)=kA, 


whence n= =ox 10-6 m. 


16.8. An&5 x 10-5. 16.9. h=0.13 p. : 
16.10. Let us denote the thicknesses of the film corresponding to adjacent 


bands by A, and fy. Hence hmh he. Let us denote the distance be- 


22—3574 
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tween adjacent bands by / (Fig. 108). It may be assumed that Ah =/ tana, 
where a is the wedge angle. Hence tana == —>=5.13x10-5 and a=11”. 


2n1 

16.11. 1.9 mm. 16.12. 5 bands per cm. 

16.13. k==5, k41=6, 4=5x10-? m. 16.14. 4 =5,890 Å. 

16.15. (1) r== Y 4RA,=2.8X 10-3 m=2.8 mm, (2) rs = V 3Rħa=3.1 x 10-83 m= 
=3.1 mm. If can easily be seen that the third red ring is farther than the 
fourth dark-blue ring. This is why Newton’s rings can be 
observed in white light only if the air layer is thin, other- 
wise various colours will be superimposed on the same spot. 

16.16. 4=6,750 A. 16.17. 3.6 mm. 16.18, k= 275. 

16.19. When Newton's rings are observed in transmitted 
light, the condition of the maximum of light is determined 
by the formula 

2hn =k) (1) 


The thickness of the layer h between the lens and the plate 
is related to the corresponding radius of the ring being ob- 
served as follows: 





Fig. 108 


hate (2) 
aR 


3 
Upon inserting Eq. (2) into (1), we obtain ae whence a 22, Insertion 


3 

Y, 

of the numerical data gives n=1.33. r 
16.20. 1.2 p. 16.21. 4.7Xx10-7 m. 16.22. n= 1.56. 


16.23. A shift L of the mirror over a distance of - corresponds to a change 
in the path difference of À, i.e., a displacement of the interference pattern by 


one band. Thus, L=ke where k is the number of bands passed in the field of 





vision. Hence n= 6.44 10-7 m. 


16.24. n—1 =$ =3.8x 10-6, whence n = 1.00038. 

16.25. In contrast to a Michelson interferometer, in this case the ray passes 
through the tube with chlorine only once (see Fig. 63). Therefore the path diffe- 
rence of the rays passing through the chlorine and through the vacuum is equal 


to In—I=1(n—1)=ki, where l is the length of the tube. Hence ala" = 


= 7.73X 10-4 and n= 1.000773. 
16.26. 1=4.8x10-? m. 16.27. d=1.15x10-? m. 
16.28. (1) 5 zones, (2) bright. 
adh 


16.29. The radius of the k-th zone f= yt = a’ where a is the distance 
from the source of light to the wave surface and d is the distance from the wave 
surface to the point of observation. Upon inserting the numerical data, we find 
that r,=0.50 mm, rg=0.71 mm, r3=0.86 mm, r¿=1.0 mm and r,=1.12 mm. 
16.30. r,=0.71 mm, r¿=1.0 mm, /¿=1.23 mm, 7¿=1.42 mm, r¿=1.59 mm. 
16.31. 167 m. 
16.32. Assume that the aperture in the diaphragm lets k Fresne! zones through. 
The radius of the &-th zone will therefore be the radius of the aperture, equal 


DS 





add as x 
to r= YE . The minimum illumination of the centre of the rings obser- 


ved on the screen corresponds to two zones. (k= 2). i ; 

data, de fn a tha ae iar m= mm. (k=2). Upon inserting the numerical 
6.33. .8 m. 16.34. q,=17%8", p¿=365', 9. 
16.35. 5 cm. 16.36. p= 30°. 16.37. d=2.8X 10-0 m ON 9 570 em-1 
16.38. N¿=600 mm-”1. 16.39. +=4,099 Á, N¿=500 mm-1' $ 


16.40. In our case sin qatita, or kyd = kaha. Hence #2 A1 6:563 
= 1.6. Since kı and k must be integers, then obviously the values k, ead 


ky =8 satisfy the condition that 218. Thus 
1 


kh _ 5X6,563x 10710 


“sing 0.656 is 
16.41. 4=6,600 A in the second-order spectrum. 
16.42. à = 4,470 Å; the dark-blue line of the helium spectrum. 
16.43. 1=7.05x 10-7 m. 
ae The maximum order of a spectrum obtained with the aid of this grating 
is 3. 

16.45. d=54. 16.46. Ten maxima, not counting the central one, 
16.47. d=3.9 p. 16.48. d=2.2x 10-5 cm. 
16.49. d=2.54X 10-2 mm. 16.50. AA=0.24 A. 
16.51. We have 

(a+ 6) sin p=kA (1) 

dg k 


Upon differentiating Eq. (1), we obtain (a+b) cos pdp =A&dA or A Gro" 
By inserting the numerical data, we find from Eq. (1) that sin p =0.236, whence 
@ = 13°38’. Hence cos p=0.972 and P41 x10 rad/m. 


16.62. d=5 10-8 m. 16.63. D,=8.1x10-3 mm/A 

16.54. D,=0.031 mm/Á, x=0.65 mm. 

16.55. (1) 1=4,750 A, (2) N¿=460 mm”?, (3) D=2.76x 108 rad/cm. 

16.56: A=5.1x10-4 mm. 16.57. F=0.65 m. 16.58. 57730". 

16.59. 54°44’. 16.60. 37°. 16.61. n=1.73. 

16.62. (1) n=1.63, (2) i= 66°56’. 

16.63. A, =3.55x10-? m, A¿=3.95x10-7 m. 

16.64. Let us denote the intensity of natural light by /». After passing through 
the polarizer, the ray has an intensity of /,=0.5 After the analyzer its 
intensity will be /,=/,; cos? a@=0.5 /, cos? a. According to the initial condition, 


ts 0.95 and then AS and a = 45°. 
o . 
16.65. 62°32’. i 
16.66. The reflection factor of incident light K=% , where 1/,=11 + /y. Here 
sin? (1 —r) 
sin? (i-pr)’ 


In our case, when the light falls at the angle of complete polarization, 
tan i=n=1.54 and, therefore, = 57°. Further, since i+7r=9%0°, the refraction 


tan? (i—r) 


and /y =0.5/, tan? (+r) 


1, =0.51, 


22* 
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angle r= 90°—57° = 33°, and i—r=24° Thus, 


sin? 24° = tan? 24° 
sin? 90° = 0-083! 0» and ly =0.5/, Tan? 99° = 9 


i.e., in reflected light, when the angle of incidence is equal to the angle of 
complete polarization, oscillations occur only in a plane perpendicular to the 
plane of incidence. In this case pr LEA 9 093. In other words, only 
0 0 

8.3 per cent of the energy of the incident natural rays is reflected from the 
glass. These will be rays with oscillations perpendicular to the plane of inci- 
dence. Hence, the energy of the oscillations perpendicular to the plane of inci- 
dence and which have passed into the second medium will be 41.7 per cent of 
the total energy of the rays falling upon the boundary, while the energy of the 
oscillations in the plane of incidence will be 50 per cent. The degree of polari- 
zation of the rays that have passed into the second medium will be 


In—/1 0.083 _ aera: 
EL 0917 0.091 =9.1% 

16.67. When a natural ray falls upon a glass pits at the angle of complete 
polarization, the refracted ray has an intensity of /,;==0.917/, (see the solution 
to the previous problem). In this refracted ray the oscillations perpendicular to 
the plane of incidence are responsible for 0.417/ 9, and those parallel to the plane 
of incidence—for 0.5/9. The intensity of the ray reflected from the second face 
of the plate is /¿=0.083x0.917/¿=0.076/¿. Hence, the intensity of the ray 
emerging from the plate into the air will be /;=0.917/,—0.076/, =0.841/,. 
Here the rays with oscillations parallel to the plane of incidence are responsible 
for 0.5/ and those with oscillations perpendicular to the plane of incidence — 
for 0.341/,. The degree of polarization will thus be 
Ty —/y __0.159 


=e J. tos 9 
“La ee 


i.e., it will increase. This permits the use of a pile of plane-parallel plates 
(“Stoletov’s pile”) as a polarizer. 


16.68. (1) k' = tE =5.06 per cent, P=83 per cent, (2) 4.42 per cent 
0 





11 =0.510 





P 





17. Elements of the Theory of Relativity 
17.1. We have 





=l V I= (1) 
j ad ain, ol’ r r 
According to the initial condition, i =1—+=0.25. Hence 7, =0-75, or 
0 0 0 
I’ =0.75ly (2) 


Upon inserting Eq. (2) into (1), we obtain Y1—B7=0.75, or 1—B* =(0.75)?= 
= 0.5625 and $?=0.4375 Thus, P=2=/0.4375=0.6615, and finally 
u = Bc = 0.662x3 x 108 m/s = 198,000 km/s 

17.2. v=2.6x 10° m/s. 17.3. 2 = 68.8% 17.4. 7.1 times. 
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17.5. Ar=3.2 s. 17.6. By 8.6x 10-27 kg. 
17.7. Figure 109 shows how the mass of an electron m and the ratio —— 
m 


depend on the quantity Z. 


17.8. At v=2.6Xx 10% m/s. 
17.9. We have 


Ex 1) me (ym) ctm 


whence 
Es 4% (m—mo) 
mo Mo 
m— 





Let — tek, Hence E,=m,c%k. According to the initial condition, £=0.05. 


(1) Es=2.56x10-2 MeV, (2) E¿=47MeV, (3) E,=94 MeV. 
17.10. U=1.1x106V, 17.11. U =510 kV. 
17.12. The total energy of the meson consists of 





its kinetic energy E, and its own energy E, (the m 
energy of rest). We have | 
l | 
E, =m, c?( ————- — 1 1 
1= me s ) (1) 
and | 
E= mc? (2) | 
Hence, the total energy is y 
Cc 
2 
E=E, + E == : 
1 2 Vip Fig. 109 
According to the initial condition, += 10, i. e., yp" Hence p=2= 
2 == 
=0.,995 and v=2.985X 108 m/s. 
y—l’ 





17.13. B=86.6%. 17.14. B=99.6%, 17.15, =91.5%. 


0 

17.16. B=0.9. 17.18. E¿=8.2x 10-14 J. 17.19. Am=4.6x10-*? kg. 

17.20. AE=931 MeV. 17.21. AE=8.2x 10-14 J =0.51 MeV. 

17.22. Am=3.2Xx10-9 kg/kmole. Thus, the reaction yields not 18 kg of wa- 
ter, but 3.2x10-® kg less. This amount is beyond the sensitivity of the most 
accurate scales. The mass also changes in the same way during other chemical 
reactions. In nuclear reactions the change in mass is appreciable (see the next 
problem). 

17.23. Am=0.217 kg/kmole. 17.24. In 7102 years. 


18. Thermal Radiation 


T = 1000°K. 18.2. Q.=6.5x 102 kW-h. 18.3. Q,=0.46 J. 
T = 1000°K. 18.5. (1) Q.=1.33x 105 J, (2) £=0.3. 
T =2500°K. 18.7. S=4X10-5 m2, ; 

1.37103 W/m?=8.21 J/min.cm?=1.96 cal/min-cm?. 


18.1. 
18.4. 
18.6. 
18.8. q, = : 

18.9. N=3.1 103 kW. 18.10. 9,=0.85 cal/min-cm?. 
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a Q a 18.12. S=6 cm?. @ 4 Sar 
.13. ( max = 1 p— the infrared region, max=5X 10-5 cm—the vi- 
sible light region, (3) Amas = 3A — the Xray region. = 

18.14. (1) We find from the curve in Fig. 64 that the wavelength of the 
maximum energy density of the body is approximately 1.2 p. From Wien’s law 
we obtain T = 2400°K. 

(2) The percentage of the radiant energy falling to the share of the visible 
spectrum is obviously determined by the part of the area limited by the curve 
Me =f (à) which is cut off by the ordinates erected at the edges of the interval 
inferesting us. The visible spectrum extends approximately from 0.4 to 0.75 p. 
Upon plotting the curve of Fig. 64 on millimetre graph paper, we can find that 
about 3-5% of the total radiation falls to the share of the visible radiation at 
the given temperature. 

18.15. 3.6 times. 18.16. 1=9.3 p. 

18.17. (1) 81 times, (2) from A,=2.9 to 4,=0.97 p, (3) 243 times. 


18.18. T,=—- TL 200K. 

ANT FC 
18.19. It will grow 1.06 times. 18.20. 0.84 W. 18.21. By 0.2p. 
18.22. (1) Am =9e—1.4x 100 kg, (2) 1=7X1012 years. 


Chapter 6 
ATOMIC AND NUCLEAR PHYSICS 


19. Quantum Nature of Light and Wave Properties of Particles 


19.1. (1) 3.2x 10-3 kg. ¢ (2) 8.8x 10-32 kg, (3) 1.8x 10-2 kg. 
19.2. e=1.15x 10-183, m=1.38x 10-20 kg, ppp=4.1x10-% kg-m 
19.3. (1) 6.2x1018 quanta, (2) 1.210% quanta, (3) 11x10 quanta, 
(4) 5.9x 1018 quanta, (5) 4. OKIN quanta, (6) 5.1x1018 quanta. ; 
19.4. v=9.2x 105 m/s. 19.5. v=1,400 m/s. 19.6. 0.51 MeV. 
19.7. E= Pent = 150 J/m?-s. 19.8, T= 9800°K. 


19.9. 4 >4.1x10-3 Á. 19.10. m=2.1x 10-22 kg. 
2 
19.11. We have hv=W For the photoeffect to appear, it is neces- 


sary that Av > W, i. e, v> + . But vey, and therefore the wavelength of 


the incident light should satisfy the inequality 4 < e . In Stoletov’s experiments, 


4 < 2.95 10-4 mm, whence W =4.2 eV. 
19.12. 5.17x10-7 m, 5.4x10-? m, 6.2x10-7 m, 6.6x10-7 m. 
19.13. e=4.5 eV. 
19.14. (1) W=4.5 eV, (2) Umgx =9.1x 105 m/s, (3) Ex. pe eK J. 
19.15. Since the photoeffect commences at vy=6x 10! 1, the work of 
emission of an electron is 


6.62 x 10-3" x6 x 1034 


E 1.6x 10-15 


eV =2.48 eV 


2 
Further, we have hv=W 457 To retard escaping electrons, a retarding elec- 


W+eU 
tric field is applied, and Ue Thus, hv=W +eU,, whence y, 


Foon inserting the numerical data, we ee v=13,2x 1014 572. 
19.16. U=1.75 V. 19.17. (1) 2,040 Á, (2) 2,340 
19.18. 3 45x 10-35 kg.m/s. 19.19. h= eoki -u J.s, 


19.20. (1) U, = -F j u=15 V, 





(2) v= ra +eU¿) =7.3x 10% m/s. 
19.21. At À < 2,540 Å. 
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19.22. (1) We have pP=+, where p is the pressure of light, and F is the 
force exerted by this pressure on the surface S of a disk. But F =P =t, 
where M is the twisting moment, / the distance from the centre of the disk to 
the axis of rotation, and a the angle through which the disk turns. For the 
mirror light spot reflected onto the scale at a distance y from the mirror to de- 
flect by x, the angle through which the mirror turns should satisfy the condi- 


tion that tan 2a = or, if the angles are Small, tan daw ta. Thus a= 


x kx 

By" Then, finally, P= 3145 
(2) E=7.7X 10-2 J/cm?-s. 

19.23, (1) p==3.55x 10-7 N/m?, (2) P=2.1x10-3 W. 

19.24. (1) 1.2 1017 1/cm?-s, (2) (a) 1.42x10-8 N/m?, (b) 2.13x10-8 N/mi, 
(c) 2.84x 10-8 N/m?. 

19.25. (1) p=4.5x10-% N/m2, (2) m=7.8x10—1 kg. 

19.26. p=1.04x10-5 N/m2, 

19.27. (1) p=7x10-? N/m2, (2) p=3.5x10-? N/m. 

19.28. 2.9102! quanta. 

19.29. (1) AX=0.024A and A=Ag+AA=0.732A, (2) AXN=0.048A and 
4=0.756 A. . 

19.30. A, =0.242 A. 


19.31. (1) Ar=0.024 A, (2) E2044 


x 10-23 kg-m/s. 

19.32, E=2.6X 108 eV, “ppa=9.3x 10-13 kg m/s. 

19.33. E=0.1 MeV. 19.34. (1) A=12.3A, (2) 1=1.23A. 

19.35. (1) 4=0.29A, (2) 4=0.029 A. 

19.36. (1) A=7.3A, (2) 4=1.44A, (3) A=6.6X 10-27 cm, i. e., it is im- 
possible to detect the wave properties of the ball. 

19.37. 0.122 A, 0.0087 A. 19.38. m= 1.67 10-27 kg. 

19.39. 


insertion of the data gives p =3.85x 10-6 N/m?, 





=6.6x 10% eV, (3) p,=4.4x 


v-10-8, m/s | 2.0 | 2.2 | 2.4 | 2.6 | 2.8 





1-10, m | 2.70 | 2.25 | 1.82 | 1.39 | 0.925 


19.40. A=0.1A. 19.41. A=1.8A 


20. Bohr’s Atom. X-Rays 


20.1. (1) r,=0.533x10-10 m, r¿=2.12x10-1% m, r3=4.77x10-1 m, 
(2) v, =2.19x 10% m/s, v4=1.1X10% m/s, ug=7.3X105 m/s. 


4 
20.2. Ep = 136 eV, Ep=—2E,=—27.2 eV, Ej =Eg+Ep= 
=—13.6 eV. 
20.3. E,=2.18X10-%8 J=13.6 eV, E,=5.44x10- J=3.40 eV, 
E,=2.42X 10-18 J=1.51 eV, E¿=0. N 
20.4. (1) T=1.43x 10-10 s, (9) 0=4.4x 101 rad]3. 
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20.5. The wavelengths of the hydrogen spectral lines of all series are deter- 
mined by the formula y 
l tol 
A R (5- a) (1) 


Various integral values of & and n give a number of spectral series: 
€¿éóáIO-n l 
R a | Series 
A a es 


l 2, 3, 4, Lyman in the ultraviolet region 
2 3, 4, 5, ... Balmer in the visible region 

3 4, 5, 6, ... Paschen 

4 5, 6, 7, ... Brackett } in the infrared region 
5 6, 7, 8, Pfund 





Thus, the series in the visible region of the spectrum corresponds to k=2 
and n=3, 4, 5, ... . The wavelength of the spectral lines of this series will 


4 
M=- = 365x 10-7 m (with an accuracy to the third significant figure). The 


obviously be minimum when n= œ. Hence from Eq. (1) we have z=, or 
1 


maximum wavelength corresponds to n=3; i.e., A,=6.56x10-7 m. Thus the 
E spectrum lies within the wavelength range from 1, =3,650 Á to 
=6, a 
220.6. (1) A=1.21<10-7 m, (2) v=1.90 108 m/s. 
20.7. The ionization potential U; of an atom is determined by. the equation 
eU;=W;, where W; is the work of removing an electron from a normal orbit 


into infinity. For a hydrogen atom W,;=hv=hcR (a-r . When &=1 and 


n= œ, the work W;=hcR and the ionization potential vfi tR 13.6 V. 


20.8. 10.2 V. 

20.9. (1) All the lines of all the series of the hydrogen spectrum appear when 
the hydrogen atom is ionized. This will occur if the energy of the electrons is 
13.6 eV (see Problem 20.7), 


(2) Umin= 221 2.2x 108 m/s. 


20.10. The energy needed to transfer an atom to the first excited state 
E,=10.2 eV (see Problem 20.8). It is easy to see that the energy required’ to 
transfer an atom to the second excited state (k=1, n=3) is Ez =12.1 eV. Thus 
the hydrogen spectrum will have only one spectral line if the energy of the 
bombarding electrons is within 10.2< E < 12.1 eV. 

20.1. Emin = 12.1 eV, 4,=1.21X10-7 m, Ag=1.03X10-7 m, Ag=6.56x 
x10-7 m. 

20.12. 973A < à < 1,026 å. 20.13. By 2.56 eV. 

20.14. 973 À < A < 1,026 Å. 20.15. From n=3 to k=2. 

20.16. A=3.3 20.17. (1) r,=2.66x 10-131 m, (2) 0, = 4.37X 106 m/s. 

20.18. (D U=408 V, (2) U=91.8V. 20.19. (1) U=54 V, (2) U=122 V. 

20.20. 4=304 A. 20.21. 4=135 A. 20.22. A=5,890 A. 

20.23. At 2.1 V. 20.24. 4==2,540 A. 
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20.25. The minimum angle corresponds to the first-order spectrum, i.e., A= 
= 2d sin 6, whence sin 8= 37 =0.033, or 0=1"54”, 


20.26. The volume of one kilomole of rock salt va . This volume contains 
2Na ions, where N4 is Avogadro’s number. Hence the volume per ion is V’= 
27" Consequently, the distance d between ions (i.e., the lattice constant) 


can be found from the condition V'=d?, in other words 


== 3 
= 3/V' = Bn _ -10 m= 
a=} V= yV pN 728110 m=2.81 Á 


20.27. When the potential difference U applied to the electrodes of the X-ray 
tube is increased, a spectral line appears in the first-order spectrum whose wave- 
length A satisfies the equation 





eU =hv=h + (1) 
But according to Bragg’s formula 
A = 2d sin O (2) 
We find from Eqs. (1) and (2) that 
he eU eU 2d sin 0 
c c 
Insertion of the numerical data into Eq. (3) gives 


h=6.6x 10-94 J.s 





(3) 


20.28. h=6.6x10-3% J.s, 

20.29. (1) 0.413 A, (2) 0.310 A, (3) 0.248 A. 

20.30. 0.27 A. 20.31. 770 kV. 

20.32. All the lines of the K-series (as well as those of other series) appear 
simultaneously as soon as an electron is removed from the K-orbit of the atom. 
For this purpose a potential difference U should be applied which satisfies the 


equation eU =h = 7. where À, is the wavelength corresponding to the tran- 
sition of an infinitely temoved electron to the K-orbit, i. e., the wavelength de- 


termining the boundary of the K-series. In our case, this boundary is equal (see 
Table XVII of the Appendix) to (1) 1.38 A, (2) 0.484 A, (3) 0.178 A, (4) 0.158 A. 


The sought potential difference can be found from the formula feo Upon 


inserting the numerical data, we obtain (1) 9 kV, (2) 25.3 kV, (3) 69 kV. (4) 79 kV. 
20.33. We have 
1 


\ aR (2—0) (-z) (1) 


The maximum wavelength of the K-series corresponds to the line K,, and it 
should be assumed in formula (1) that b=1, k=1, and n=2. Upon solving 
formula (1) with respect to 4 and inserting the numerical data, we obtain 
(1) 1.94 A, (2) 1.55 A, (3) 0.720 A, (4) 0.574 A, (5) 0.234 A, (6) 0.228 A, and 
(7) 0.205 A. The wavelengths of the line K, found experimentally are as follows, 
(1) 1.94 A, (2) 1.54 A, (3) 0.712 A, (4) 0.563 A,\(5) 0.220 A, (6) 0.214 A, 
(7) 0.190 A. 
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20.34. The transfer of an electron from the M-layer to the L-layer 
to k=2 and a=3. The atomic number of tungsten in the Mendeleyer able 
E ae Upon inserting these numerical data-into Moseley’s formula, we find that 


a ; N, _PDe _ PR 
20.35. Z=40 (zirconium). 20.36. v= Nae =3.5x 10-10, 
20.37. 1.6x 101! pairs. 20.38. /,=2.7x10-—1* A, 


20.39. x=5x1074 m=0.5 mm. 20.40. 3.7 times. 20.41. x=0.08 mm. 
20.42. (1) 

















Material Water Aluminium | Iron Lead 
p, m7) | 6.7 | 16 | 44 | 17 
Ha X 103, m?/kg | 6.7 | 6.2 | 5.6 6.8 
(2) 4=0.0124 A. 
20.43. n= Be 8g 35, 
loge 2 


21. Radioactivity 


21.1 and 21.2. The number of atoms of a radioactive substance which disin- 
tegrate during the time dt is determined by the formula 


dN = —AN dt (1) 


Obviously, this formula can be used for the final time interval Af only when 
the number of available atoms N is constant during the time Af, i. e., when At 
is mueh smaller than the half-life 7. It can easily be seen (see the tables in the 
Appendix) that when solving Problem 21.1 the number of polonium atoms which 
disintegrate during twenty-four hours can be found from the formula 





[AN |= AW Ar = Be? war (2) 
Upon inserting the numerical data of Problem 21.1, we obtain 
ANa 0.693 





138 Xx10% days-1=5,025 days—? 


This approximate formula cannot be used for the solution of Problem 21.2, 
however, since the half-life of radon (see the tables) is only 3.82 days. The 
number of radon atoms which disintegrate during twenty-four hours can be found 
from the formula N= N,e~4!. The sought number will thus be 


AN=N,—N=N,—NjeM=N, (1—e7*) 
Upon inserting the numerical data of Problem 21.2, we find 
AN =10* (1 —0,833) = 167,000 days”? 


If we try to find AN from approximate formula (2), we get AN = 192,000 days~, 
i.e., an error of about 10% will be made. 
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Prove that the same answer with an accuracy to the third significant figure is 
obtained when Problem 21.1 is solved by formulas (1) and (2). 

21.3. 3.7x 101% d/s=1 curie. 21.4, m=6.5x10-9 kg. 

21.5. m=2.2x 10-7 kg=0.22 mg. 21.6. 1=2.1x10-8s-1, 

21.7. (1) 7.9x107 d/s-kg, (2) 5.7x1018 d/s-kg. 

21.8. m=3.5X10-20 kg. 21.9. 53. 21.10. In 40 days. 

21.11. The share of radioactivity in per cent introduced by each isotope into 
the total radioactivity of natural uranium can obviously be determined by the 
ratio of the number of disintegrations per second of each isotope to the total 
number of disintegrations second of natural uranium. Let us denote the mass 
of natural uranium by M. The masses of the isotopes will thus be equal to 
M,=6x10-5M, M¿=7.1x1073 M and M,=99.28x 10-3 M, respectively. The 
number of disintegrations per second produced by each isotope will be 


log, 2 log. 2N 4M, Al 
= = St 
AN, T N,At TÁ 
__ loge 2N aM, At 
__ log, 2N ¿Ms At 
AN¿= TAs 


where N4= Avogadro’s number, 7;=half-life of the isotope, A;= atomic weight 
of the isotope. Hence the sought ratio for each isotope will be 
Mi 
A A 
IAN, FAÑ¿FAN, M, | M, Ms 
A,T,  AzT, ° AsTs 
Upon inserting the numerical data, it is easy to see that all the radioactivity of 
natural uranium is due to the isotope 9,U2**, while that of 4,U%85 and p,U?% is 
vanishingly small. 

21.12. (1) v=1.52x107 m/s. 

(2) The total energy evolved during the escape of the a-particle is equal to 
the sum of the kinetic energy of the a-particle E, and the kinetic energy Ej of 
the residual nucleus. Thus, 

Ex =E,+Es (1) 

Besides, account should be taken of the law of conservation of momentum. 
Since_the momentum of the system before disintegration is zero, then after it 
Pı = Pa, whence 








n= 2 

= 3 Å 

But p? = (mm)? = 2m, mo =2m,E, and, correspondingly, 2}—=2m,E, 
From Eq. (2) we have 2m,E,=2myE3, whence E,= mP, , 
2 
E 
Now from Eq. (I) we get E= E, + "A= p, £7 | Upon inserting the 
2 


numerical data, we obtain E, =4.87 MeV. 
21.13. (1) Q=120 J, (2) Q=1.6x10* J. 21.14. Q=5.2x 102% J. 
21.15. 2.8x 10% d/s. 21.16. N¿=6X10% kmole-1, 21.17. m=4.8x10-9 kg. 


21.18. (1) In 12.6 days. (2) The relation =! W is shown in Fig. 110. 
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21.19, (1) The relation a= (t) is shown in Fig. 111. (2) The half-life wilt 
be found as the abscissa of the point on the curve whose ordinate is 0.5. In our 
case from the curve Walt) with the scale indicated on the axes we get 
T =3.8 days. 


Y, 
K N 
N t 


t t 
Fig. 110 Fig. 111 


21.20. T=4 h. 21.21. In 10.4 days. 





_ 0.6932 
21.22. We have N,=Nz = Tu ) or 


M M _0. 6934 
M_Ma{,_, Tu 
An Ag ( e ) 








Hence t =3x10? years. 
21.23. 2.8x 10° atoms. 21.24. From 7X10% kg of ore. 
21.25. 1.1X 10-7 cd. 21.26. 63.2%. 21.27. 1.67108 d/s. 
21.28. 5.251018 d/s-kg. 
21.29. Before mixing, the specific activity of the preparation was equal to 


aes AN _ AN _ logs 2N qm, _ 10ge2N a a) 
1 môt m  TAm TA, 
After mixing 
á AN —__ 1082 2Nam, (2) 


2 (my Fm) St TA, (my +m) 
It follows from Eqs. (1) and (2) that 


di be BNA (1m) = ipa 2am > 
— TA, m +m TA, (m, +m) 
=4.9X 101? d/s-kg = 1.32x 107 c/kg 


21.30. 11 mg. 21.51. qyPoM. 21.32. ygRa™. 
21.33. 9U235, 21.34. yHe*. 21.35, ¿¿Cs133, 
21.36, (1) u==1.92x107 m/s, (2) £=7.83 MeV (see the solution to Problem 


21.12), (3) n=2.26x10 ion pairs, (4) /,=1.33X1 
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22. Nuclear Reactions 


22.1. (1) 12 protons and 12 neutrons, (2) 12 protons and 13 neutrons, (3) 12 
protons and 14 neutrons. 


22.2. We have AM=ZM,H:+(M—Z) M— Ma. In our case (see the tables 
in the Appendix) AM=3x1.00814+ 4x 1.00899 — 7.01823 amu = 0.04215 amu. 
Since an energy of 931 MeV corresponds to the atomic mass unit (see Probiem 
17.20), the nuclear binding energy of ¿Li? will finally be equal to E=0.04215x 
ae MeV =39.3 MeV. This energy must be spent to split the sLi? nucleus into 
nucleons. 

22.3. E=28.3 MeV. 22.4. 225 MeV. 
at (1) E=8.5 MeV, (2) E=7.7 MeV. The nucleus ,H® is more stable than 

es, 
"22.6. E, =7.97 MeV. 22.7. E=2.2 MeV. 

22.8. (1) 5.6 MeV, (2) 7.5 MeV, (3) 8.35 MeV, (4) 8.55 MeV, (5) 8.75 MeV, 
(6) 8.5 MeV, (7) 7.9 MeV, (8) 7.6 MeV. 

22.9. We have E=c? (> M,—Y Ma). in our case the sum of the masses of 
the initial particles DM = 7.01823 + 1.00814 = 8.02637. The sum of the masses 


of the formed particles M, = 4.00388 + 4.00388 = 8.00776. Thus, the mass 
defect AM=0.01861 amu. Hence, the energy evolved during the reaction is 
E =0.01861 x931 MeV = 17.3 MeV. 

22.10. 1.18 MeV. 22.11. (1) 4.04 MeV, (2) 3.26 MeV. 

22.12. (1) 18.3 MeV, (2) 22.4 MeV, (3) 4.02 MeV. 

22.13. M=5.7x108 kg. 22.15. 15 MeV. 22.16. 4,35 MeV. 

22.17. „N14 +n? — ,Ci#+,H!; ¿C18 — 004 NU, 

22.18. 1.1x10% d/s-kg. 22.19. T=15 h. 

22.20. (1) E,=5.35 x 1022 MeV, (2) E,=3.6x 102 MeV. 

Thus, Ft = 7x10, i.e., to effect this transformation, about seven million 

1 

times more energy must be spent than is released during this reaction. 

22.21. 6.017 amu. 

22.22. As a result of this cycle, four hydrogen nuclei are transformed into one 
helium nucleus. The carbon, performing as a chemical catalyst, can be used 
anew. It is easy to find that this cycle releases energy equal to 4.3x10-12 J. 
"On the other hand, we can find the radiation of the Sun per second, knowing 
the solar constant and the distance from the Earth to the Sun. It is E=3.8x 
x 10%¢ J. If the transformation of four hydrogen atoms produces energy equal to 
4.3x 10-12 J, it is obvious that M=5.9x10" kg of hydrogen must be used per 
second for radiating energy equal to 3.8x 1026 J. Since the mass of the Sun is 
2x 108° kg, the amount of hydrogen in it is 2x 1030.35 kg =7x 102% kg. This 
will be sufficient for 41029 years. 

22.23. m = 1.00899 amu. 

22.25. According to the definition, 


a=W (1) 


where N, is the number of atoms formed during a certain time, and Ng is the 
number of particles which bombard the target during this time. On the other 
hand, since the activity of a preparation is determined by the number of disin- 
tegrations a second, it is obvious that 


AN, _ logs 2N, 
=M INS (2) 
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where T is the half-life of the radioactive isotope formed. Thus, it follows from 


Eqs. (1) and (2) that ha 2 y, 


22.26. k,=2 x10-3=5 , i.e., only one proton of 500 will cause the reaction. 
22.27. k,=1.2x 10-35, 





22.28. (2) The initial number of disintegrations per second of the source is 
a, = (FF HEM, The number of disintegrations per second after the time ¢ has 
elapsed is a= > ¿= Na, where Ng=N,e-*t. Since only one a-particle out 


of n= 4,000 induces a reaction, we can find the number of radon atoms intro- 
duced into the source: 





Nak (1) 
log, 21 


In our case A= 222 kg/kg-atom; n= 4x 108; etme T =2.45; ay=1.2x10%s~}; 
and N¿=6.02x10% kg-atom-!. Upon inserting these data into Eq. (1), we 
obtain M=2.1Xx10-* kg=2.1 pg. 

22.29. 9.3x 108 s-1, 

22.30. (1) E=6.9 MeV, (2) 5x77x 10-12 d/s. 


Fig. 112 


22.31. Let us denote (Fig. 112) the mass numbers of a bombarding a-particle, 
proton and recoil nucleus (in our case an oxygen nucleus) by m,, m3 and ms, 
and their kinetic energies by E,, E, and Ey. If the nucleus M of nitrogen is 
immobile, the law of conservation of energy will be 

E,+Q=E,+Es (1) 
where Q is the energy of the nuclear reaction. The law of conservation of mo- 
mentum in the vector form is 

Pi=PatPs (2) 
From Eq. (2) for the numerical values of the momenta (see Fig. 112) we have 


P3=Pi+p2—2p,Ppa cos P (3) 
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Since 
- mo? 
p = (mv)? = > 2m = E2m (4) 


equation (3) becomes 
2m,E,=2m,E, + 2m¿E,—2 cos p V 2m,E,2m,E, 
or 


2m Map 20890 7 EE 
dira E,+ mi E; mm V mmsE,E, (5) 


From Eq. (1) we have Es =E,+Q —Ey. Upon substituting this expression for 
Es in Eq. (5), we obtain the final formula relating the kinetic energy of the 
bombarding particles to that of the particles obtained: 


Em) +Q=E, (mtm) A V m,msE,E, (6) 


Here Q= —1.18 MeV. Upon solving Eq. (6) with respect to cos » and inserting 
the numerical data, we find that 


ma + ms Es __ mm y Es o mR zZ 
2 mımE, 2 mym,E, 2 Y m,m,E Es 
=0.59 and p 2:54? 


22.32. (1) E =8.75 MeV, (2) q 2:87". 
22.33. (2) Q =-—0.78 MeV: the reaction proceeds with the absorption of energy, 


(3) E¿=1Q1%"=1.04 MeV, where M is the mass of a nucleus at rest, and 


m is the mass of a bombarding particle. 
22.34. E,.= 1.52 MeV. 22.35. E, =1.89 MeV. 
22.36. (2) Q=-—0.30 MeV, (3) E,=0.35 MeV, (4) E=E,+Q=0.05 MeV. 
22.37. (1) Q=2.8 MeV, (2) v=9.3X 105 m/s, E,=1.8 MeV. 
22.38. E=1 MeV. 22.39. hv=2.2 MeV. 22.40. hv=16.6 MeV 
22.41. 2.3X10*kW-h. 22.42, M=3l1 g. 
22.43. (2) Q=17.6 MeV, (3) E=11.8x 104 kW-h. 











cos p= 





23. Elementary Particles. Particle Accelerators 


23.1. (1) N=2.2x 1028, (2) N=1.1x 1026 

23.2. M =12 amu (graphite). 23.3. 920/4. 

23.4. (1) about 100%/,, (2) 1.9%/7, i.e., the neutrons are retarded in the layer 
of a slower than in the material containing hydrogen (paraffin, for 
example). 

23.5. The direction of the velocity v of the neutron colliding with an im- 
mobile proton is the bisectrix of the right angle at which the particles diverge. 





The velocities of these particles are the same and equal to v=? 7: Hence, 


the energy will be equally distributed between the neutron and the proton. 
23.6. Upon each collision the kinetic energy of the neutron is halved (see the 
previous problem). Therefore, after n collisions the energy of the neutron 


will be E=(+)' Ej Hence, n logi 2= logio -4> =log1o (2X107) and 


__logio (2x 10 ) eae 
Oe eg 3 =24 collisions. \ 
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29,7. =2e=3.2X 10-19C, 29.8. L=4.8x 10? C/kg. 


23.9. (1) m=1.23x10-% kg, 0=2.02X10% m/s, E=1.8x108 eV, £= 
=1.3x 10M C/kg, (2) v=2.52X 105 m/s. m 

23.10. According to the initial condition, AS whence 0== 
= 2.998 10° m/s. The lifetime of a moving meson as registered by a laboratory 


clock is Uae Ot In this time the meson will cover the distance 
l= vt’ = y 30T, = 18,000 m = 18 km. 

23.11. Eight times. 

23.12. (1) The energy of each photon E,=0.51 MeV, (2) 4=0.024A, 

23.13. If a y-quantum with the energy Av is converted into a couple of 
particles, then according to the law of conservation of energy 


hv = 2m,c? + E, + Ez 


where myc? is the rest energy of each particle, and E, and E, the kinetic ener- 
gies of the particles at the moment of formation. In our case moc?=0.51 MeV, 
and therefore 2m oc? = 1.02 MeV. Hence E,-+ E, = (2.62— 1.02) MeV = 1.60 MeV. 


23.14. The Lorentz force Bq =" , whence B= According to the for- 
mulas of the theory of relativity, the impulse of a particle p=mv is related to 
its kinetic energy Ex by the expression p=} V Es (Es + 2moc?), where mo is 
the rest mass of the particle. Hence 








1 A 
B= zp V En Er F ame’) (1) 


It can easily be shown (see the solution to the previous problem) that the kinetic 
energy of each particle E,—=2.34 MeV. Upon inserting the numerical data into 
Fa. (1), we obtain B=0.31 T. 

23.15. E=67.5 MeV. 23.16. 940 MeV. 

23.17. (1) m=273 my, where mp, is the rest mass of an electron, (2) v= 
= 2.48 108 m/s. 


23.18. (1) v=, (2) (a) v=9.7x10% Hz=9,7 MHz, (b) v= 19.4 MHz, 


nm 

(c) v=9.7 MHz. 

23.19. (1) E=21*%mw2R?, (2) (a) E=13.8 MeV, (b) E=6.9 MeV, (c) E= 
=27.6 MeV. 

23.20. (1) B=0.9 T, (2) E=4.8 MeV. 

23.21. (1) B=1.8T, E=9.6 MeV, (2) B=1.8T, E=19.2 MeV. 

23.22. One gramme of radium emits 3.7X 101° a-particles a second. A current 
of 15 pA corresponds to a flux of 4.7x 1018 q-particles per second. Thus the given 
cyclotron is 1, times more efficient than one gramme of radium. 


2 B2 
23.23, y= 8 BG a 1.2x107 V. 23.24. R=0.36 m. 


23.25. (1) B=1.3 Wb/m? for deuterons and a-particles, and B=0.65 Wb/m: 


for protons. x 

(2) v=3.13x10? m/s for deuterons, protons and a-particles. The energy of 
particles flying out from the cyclotron will be different: E =10.2 MeV for deute- 
rons, E=5.1 MeV for protons and E =20.4 MeV for a-particles. 


23—3574 
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(3) Upon each complete revolution a charged particle passes through the 
space between the dees twice and therefore receives an additional impulse two 
times. For this reason a charged particle after N revolutions will acquire an 
energy equivalent to the accelerating potential U'=2NU, where U is the poten- 


tial difference applied between the dees. Hence, Nag. For deuterons and a- 


particles N= 68, and for protons N =34. 
23.26. E = 188 MeV. 


23.27. (1) Mall, (2) B=2=0.44 and v=1.32X 103 m/s. 
0 


21m9vy _ 21mv 


23.28. (1) B= =1.62 T. (2) Since 
Nii Ma, Ed 
v my Vi—f? 
then 


2 = 
e ME 00 MeV 


23.29. (1) Pals, (2) 5. =19. 
0 0 


APPENDIX 


INDUCTION B VERSUS INTENSITY H OF A MAGNETIC FIELD 
FOR A CERTAIN GRADE OF IRON 





Fig. 113 


RELATIONSHIP BETWEEN RATIONALIZED AND NON-RATIONALIZED 
EQUATIONS OF AN ELECTROMAGNETIC FIELD 


Rationalized equations of an electromagnetic field can be obtained 
from the non-rationalized ones by means of the following transforma- 
tions: 

1. The relative permittivity (dielectric constant) e, in the non- 
rationalized equations is replaced by the quantity 4ne=4meoe,, where 
£, is the absolute permittivity in a vacuum and e, the relative per- 
mittivity of the medium with respect to a vacuum, i. e., the usual 
tabulated value of e,. 

2. The relative permeability p, in the non-rationalized equations 
is replaced by 


B _ Bolte 
4 4n 


23* 
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where po is the permeability in a vacuum and y, the relative permeabi- 
lity of the medium with respect to a vacuum, i. e., the usual tabula- 


ted value of p,. 
3. The electric displacement (induction) D=eE in the non-ratio- 


nalized equations is replaced by the quantity 
4nD = 41e,e,E 


4. The intensity of a magnetic field H= 2 in the non-rationa- 
lized equations is replaced by the quantity 


4nH =4n 9 
Hob 
All the equations in which the quantities e,, »,, D and H are absent 
have the same form both in the non-rationalized and in the rationali- 
zed systems. 
The most important equations of Sections 9 and 11 of Chapter 3 in 
the non-rationalized and rationalized form are compared in the fol- 
lowing table. 
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Non-ratlonalized form Rationalized form 


(Gaussian system) 








Coulomb law QQ, F= UQ: 
Err Anegepri 
Intensity of an electric field E= F E=% 
x 3 Q A 
Intensity of the field of a t E= Q 
y poin eri E Tama 


charge 


Gauss theorem 











r E087 
+ T 
Intensity of the field produced E= = t_ 
by a charged filament epr 258J8pr 
210 o 
Intensity of the field produced E E = Sean 
by a charged. plane f oër 
4no o 
Field of a plane capacitor E= e E > 
w w 
Difference of potentials U =o =T 
: EE Q 
dep of the field of a point U= Er dera 
aU dU 
Dependence between field inten- E R ae E SA rad 
sity and the potential D o 
Ditto for a homogeneous field ==7 E= =F 
Relation between the capaci- Q=CU Q=CU 
tance, charge and potential of 
a conductor à i 
e E£ 
Capacitanos of a plane capa- ad CaF 
e,rR 4mege-7R 
Capacitance of a spherical capa- == co ees 
citor 
Capacitance of a sphere C m Err OE naair 
Energy of a cnarged conductor Ve=7 U= W,=70U= 
1 1 š 
12 a 
“TC =C 
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(Continued) 





Non-rationalized form 
(Gaussian system) 


Rationalized form 
(SI) 





Energy of the field of a plane 
capacitor 


Volume energy density of an 
electric field 


Force of attraction of plates in 
a plane capacitor 


Ampere’s law 


Intensity of a magnetic field in 
the centre of a circular cur- 
rent 


Intensjty of the magnetic field 
of a direct current 


Intensity of the magnetic field 
inside a solenoid 


Relationship between the inten- 


sity of a magnetic field and 
magnetic induction 


Density of the energy of a mag- 
netic field 7 


Ampere force 
Lorentz force 


Force of interaction of parallel 
currents 


Inductance of a solenoid 























dH = ab pina 
c r 





dF=} El sinadi 


Fat BQusina 
1 21,18 
det al 
L=4np,n?l A 


N 


y 2er AU? _ 


2d 
_ eye, E2Ad 
=== 
_ Ad 
— 2Egl, 
W,= E 


_epe,ElA 
F ge 
_ eye, AU? 

— Zd? = 
_aA 
——2epl 

Isinadl 














H=In 


Babel aH = 
4n 


=por} 

vat 
dF = BI sinadi 
F= BQusina 


p —Pobrlidal 
2nd 


L=poprn?lA 
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By making the transformations indicated above, supplement this 
table with the formulas from Sections 9 and 11 of Chapter 3 which 
have not been included in it. It can easily be seen that all the equati- 
ons in Sec. 10 of Chapter 3 have the same form in the rationalized 
and non-rationalized systems. 


TABLE I. BASIC PHYSICAL QUANTITIES 





Quantity Numerical value 





Gravity constant 7 6.67X10-" m3/kg-s? 
Number of molecules in 1 kmole (Avo-| 6.025x1026 kmole-! 
gadro's number) Na 
Volume of l kmole of an ideal gas| 22.4 m3 
under standard conditions V, 


Universal gas constant R 8.31x103 J/kmole-deg 
Boltzmann's constant k 1.38x 10-23 J/deg 
Faraday's number F 9.65107 C/kg-eq 
Stefan-Boltzmann’s constant o 5.67 x 10-8 W/m? -deg* 
Planck’s constant A 6.625x 10-4 J-s 
Electron charge e 1.602 10-19 C 
Rest mass of an electron m, 9.11X10-5! kg=5.49x 10-4 amu 
Rest mass of a proton mp 1.672 10-27 kg=1.00759 amu 
Rest mass of a neutron m, 1.675 10-2? kg = 1.00899 amu 
Velocity of light propagation in a va-} 3.00108 m/s 

cuum 





TABLE fl ASTRONOMIC QUANTITIES 





Mean radius of the Earth 6.37 x 108 m 
Mean density of the Earth 5,500 kg/m 
Mass of the Earth 5.96x 10% kg 
Radius of the Sun 6.95x 10% m 
Mass of the Sun 1.97 x 108° kg 
Radius of the Moon y 1.74x10% m 
Mass of the Moon 7.3x 102% kg 
Mean distance between the centres of the Moon 3.84x 108 m 
and the Earth 
Mean distance between the centres of the Earth 1.5x 100 m 
and the Sun 3 
Period of revolution of ihe Moon about the 27 days 7h 43 min 
Earth 
Mean density of the Sun 1,400 kg/m? 
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TABLE I!1. DATA ON THE PLANETS OF THE SOLAR SYSTEM 


Mercury Venus Earth Mars Jupiter Saturn 


Uranus Neptune 


Pluto 





























Mean distance from the Sun, 57.9 108.0 149.5 227.8 777.8 | 1,426.1 | 2,869.1 | 4,495.6 5,229 
million km 


Period of revolution around] 0.24 0.62 1.0 1.88 11.86 | 29.46 84.02 164.8 249.7 
the Sun, terrestrial year 

Equatorial diameter, km 4,840 | 12,400 12,742 | 6,780 | 139,760 | 115,100 | 51,000 | 50,000 _ 

Volume with respect tothat} 0.055 0.92 1.0 0.150 1,345 767 73.5 59.5 - 
of Earth 
/ 

Mass with respect to that of| 0.054 0.81 1.0 0.107| 318.4 95.2 14.58 17.26 = 
Earth 

Gravity acceleration with re- | 0.38 0.85 1.0 0.38 2.64 1.17 0.92 1.14 - 


spect to that on Earth's 
suríace (g = 980.7 m/s?) 
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TABLE IV. DIAMETERS OF ATOMS AND 





MOLECULES 
Helium (He) 2x 10-10 m 
Hydrogen (H,) 2.3x10-1 m 
Oxygen (O,) 3x 10-10 m 
Nitrogen (N,) 3x 10-10 m 





TABLE V. CRITICAL VALUES OF Tep AND pg, 











Substance Tor. °K Por, atm Peet 
Steam (water vapour) 647 217 22.0 
Carbon dioxide 304 73 7.4 
Oxygen 154 50 5.07 
Argon 151 48 4.87 
Nitrogen 126 33.6 3.4 
Hydrogen 33 12.8 1.3 
Helium 5.2 2.25 0.23 


TABLE VI PRESSURE OF WATER VAPOUR SATURATING A SPACE AT VARIOUS 























TEMPERATURES 

4 °C Ps mm Hg t, Ç Ps mm Hg t c Pg mm Hg 
—5 3.01 8 8.05 30 31.8 

0 4.58 9 8.61 40 55.3 

1 4.93 10 9.21 50 92.5 

2 5.29 12 10.5 60 149 

3 5.69 14 12.0 70 234 

4 6.10 16 13.6 80 355 

5 6.54 18 15.5 90 526 

6 7.01 20 17.5 100 760 

7 7.71 25 23.8 150 4.8 atm 

200 15.3 atm 
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TABLE VIl! SPECIFIC HEAT OF VAPORIZATION OF WATER AT 
VARIOUS TEMPERATURES 





t, °C 











r, cal/g | 595 | 568 539 


r-10-5, J/kg | 24.9 





24— 3574 


362 
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TABLE VIII. PROPERTIES OF SOME LIQUIDS 
bs has Specific heat at 20°C Coetacient of 
Liquid ens ty. surface ensi- 
sis kg/m J/kg- deg cal/g- deg on apa c, 
Alcohol 790 2,510 0.6 0.02 
Benzene 880 1,720 0.41 0.03 
Castor oil 900 1,800 0.43 0.035 
Glycerine 1,200 2,430 0.58 0.064 
Kerosene 800 2,140 0.051 0.03 
Mercury 13,600 138 0.033 0.5 
Water 1,000 4,190 | 1.0 0.073 
TABLE IX. PROPERTIES OF SOME SOLIDS 
Mel- Specie heat i Coeíficient of 
Material Density, | ting Specine heat linear thermal 
kg/m point, J/kg. deg kcal/kg deg J/kg ` eee 
Aluminium 2,600 659 896 0.214 3.22 105 2.3x 10-5 
Brass 8,400 900 386 0.092 — 1.9x10-5 
Copper 8,600 |1,100 395 0.094 1.76 x105 1.6x10-5 
Cork 200 — | 2,050 0.49 — — 
Ice 900 0} 2,100 0.5 3.35 x 108 — 
Iron 7,900 |1,530 500 0.119 2.72x 105 1.2x 10-5 
Lead 11,300 327 126 0.030 2.26Xx 104 2.9x 10-5 
Platinum 21,400 {1,770 117 0.028 1.13108 | 0.89 10-5 
Silver 10,500 960 234 0.056 8.8 x10 1.9x 10-5 
Steel 7,700 41,300 460 0.11 — 1.06x 10-58 
Tin 7,200 232 230 0.055 5.86x 104 | 2.7x10-5 
Zinc 7,000 |. 420 391 0.093 1.17 108 2.9 10-5 
TABLE X ELASTIC PROPERTIES OF TABLE XI. THERMAL CONDUC- 
SOME SOLIDS TIVITY OF SOME SOLIDS 
(A, W/m-deg) 
Ultimate Young's 
strength modulus 
Materiel Aluminium 210 
N/m? N/m? Copper 390 
Cork 0.050 
d 0.325 
Aluminium 1.1x10% | 6.9x101 eae win 
Copper 2.45108 =| 11.8 1010 : 
Iron 2.94x 108 | 19.6x1010 Felt 0.046 
Lead 0.2x 108 1.57 x 1010 Fused quartz 1.37 
Silver 2.9x 108 7.4x 1010 iron 58.7 
Steel 7.85x 108 | 21.6x10 silver 460 
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TABLE XII. DIELECTRIC CONSTANT 
(RELATIVE PERMITTIVITY) OF 
DIELECTRICS 





o 


Paraífined paper 
Porcelain 

Water 

Wax 


Y 
w 
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w 
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TABLE XIV MOBILITY 
OF IONS IN 
ELECTROLYTES (m*/V-s) 


NO7 6.4x10-° 
H+ 3.26x 10-7 
K+ 6.7x10-8 
cl- 6.8x 1078 
Ag+ 5.6x 1078 


TABLE XVI. REFRACTIVE INDICES 


Carbon bisulphide 1.63 
Diamond 2.42 
Glass 1.5-1.9 
Ice 1.31 
Turpentine 1.48 
ater 1.33 
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TABLE XII. RESISTIVITY OF 
CONDUCTORS (Q-m at 0°C) 


eee 


Aluminium 2.53 x 10-8 
Copper * 1.7x10-8 
Graphite 3.9x 19-17 
Iron 8.7x10-8 
Lead 2.21077 
Mercury 9.4 10-7 
Nichrome 1.0x 10-¢ 
Steel 1.0x10-? 


—_—— 
TABLE XV. WORK OF 
EXIT OF ELECTRONS FROM 
METALS (eV) 





Ww 4.5 
W +Cs 1.6 
W-+Th 2.63 
Pt+Cs 1.40 
Pt 5.3 
Ag 4.74 
Li 2.4 
Na 2.3 
K 2.0 
Cs 1.9 





TABLE XVII.BOUNDARY OF K-SERIES 
OF X-RAYS FOR VARIOUS 
MATERIALS OF THE ANTICATHODE 
(A) 


Copper 1.38 

Gold 0.153 
Platinum 0.158 
Silver 0.484 
Tungsten 0.178 





TABLE XVIII. SPECTRAL LINES OF 
MERCURY ARC 





(hy 
2537 4047 5461 6128 
3650 4358 5770 6908 
3655 5235 5791 7082 


O aes a 


isotope 
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TABLE XIX. MASSES OF SOME ISOTOPES 


Mass | Isotope 


1.00814 Be’ 
2.01474 ¿Bio 
3.01700 Ken 
3.01699 „N13 
4.00388 „Nu 
EA 
01 i 
7.01916 Mg" 
8.00785 igAlt? 


TABLE XX. HALF-LIVES OF SOME 
RADIOACTIVE ELEMENTS 


20Cats 
¿nro 
«Po?1o 
88 R n222 
saRa?26 
235 


Uas 


(amu) 





9.01505 
10.01612 
12.00380 
13.00987 
14.00752 
17 .00453 
23.00145 
23.99267 
26.99010 


164 days 


28 years 


138 days 


3.82 days 
1,590 years 
7.1-108 years 
4.5-10% years 


Mass | Isotope 


uS ¡30 
cat? 

056 
¿9Cu 63 
“cite 
oie ° 
ass 
2 





Mass 


29 98325 
39.97542 
55.95769 
62.94962 
112.94206 
200.02800 
235.11750 
238. 12376 





0414 
0792 
1139 
1461 


1761 
2041 
2304 


2788 


3010 
3222 
3424 
3617 
3802 


3979 
4150 
4314 
4472 
4624 


4771 
4914 
5051 
5185 
5315 


0043 
0453 
0828 
1173 
1492 


1790 


2330 
267 
2810 


3032 
3243 
3444 


3820 


3997 
4166 
4330 
4487 
4639 


4786 
4928 


5198 
5328 


4014 


4654 


4800 
4942 
5079 
5211 
5340 


4031 


4518 
4669 


4814 
4955 


5224 
5353 


TABLE XXI 


0170 
0569 


1271 
1584 


1875 
2148 
2405 
2648 
2878 


3096 


3502 
3692 
3874 


4048 
4216 
4378 
4533 
4683 


4829 
4969 
5105 
5237 
5366 





3118 


37111 
3892 


4065 
4232 
4393 
4548 
4698 


4843 
4983 
5119 
5250 
5378 





6 


0253 
0645 


1335 
1644 


1931 
2201 
2455 
2695 


3139 


3541 
3729 
3909 


4082 
4249 
4409 
4564 
4713 


4857 
4997 
5132 
5263 
5391 
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0294 


1038 
1367 
1673 


1959 
2227 
2480 
2718 
2945 


3160 


3747 
3927 


4099 


4425 
4579 
4728 


4871 
5011 
5145 
5276 
5403 
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0334 
0719 
1072 
1399 
1703 


1987 


2504 
2742 
2967 


3181 


3579 
3766 
3945 


4116 
4281 
4440 
4594 
4742 


4886 
5024 
5159 
5289 
5416 


COMMON LOGARITHMS 
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0374 
0755 
1106 
1430 
1732 


2014 


2529 
2765 
2989 


3201 
3404 


3784 
3962 


4133 
4298 
4456 
4609 
4757 


4900 


5172 
5302 
5428 
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25 
23 
21 


18 


17 


15 
14 
13 
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12 
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40 
4) 
42 
43 
44 


45 
46 
47 
48 


51 
52 
53 
54 


55 
57 
59 


6532 


6721 
6812 
6902 


6990 
7076 
7160 
7243 
7324 


7404 
7482 
7559 
7634 
7709 


6031 


6243 
6345 
6444 


6542 
6637 
6730 
6821 
6911 


6998 
7084 
7168 
7251 
7332 


7412 
7490 
7566 
7642 
7716 


5465 
5587 
5705 
5821 
5933 


5478 
5599 
5717 
5832 
5944 


6042 
6149 
6253 
6355 
6454 


6053 
6160 
6263 
6365 
6464 


6551 
6646 
6739 
6830 
6920 


6561 
6656 
6749 
6839 
6928 


7007 
7093 
7177 
7259 
7340 


7016 
7101 
7185 
7267 
7348 


7419 
7497 | 7505 
7574 | 7582 
7649 | 7657 


7427 


7723 | 7731 





5955 


6064 
6170 
6274 
6375 
6474 


6571 


6758 
6848 
6937 


7024 
7110 
7193 
7275 
7356 


7435 
7513 
7589 
7664 
7738 


6075 


6284 
6385 
6484 


6580 
6675 
6767 


6947 


7033 
7118 
7202 
7284 
7364 


7443 
7520 
7597 
7672 
7745 


6493 


6590 
6776 
6955 


7042 
7126 
7210 
7292 
7372 


7451 
7528 
7604 
7679 
7752 


6201 


6405 
6503 


6599 
6693 
6785 
6875 
6964 


7050 
7135 
7218 


7380 


7459 
7536 
7612 


7760 


6107 
6212 
6314 
6415 
6513 


6609 
6702 
6794 
6884 


6972 


7059 
7143 
7226 


7388 


7467 
7543 
7619 
7694 
7767 
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Table XXI (continued) 
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7 8 
9 10 
8 10 
8 9 
8 9 
8 9 
8 9 
7 8 
7 8 
7 8 
7 8 
7 8 
7 7 
6 7 
6 7 
6 7 
6 7 
6 7 
6 7 
6 6 
6 6 
5 6 
5 6 
5 6 
5 6 
5 6 


Y Y Y 00 00 009 00 09 00 (O 
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Table XXI (concluded) $ 





85 9294 | 9299 | 9304 | 9309 | 9315 | 9320 | 9325 | 9330 | 9335 | 9340 L 1 2 2 3 3 44 5 
86 9345 | 9350 | 9355 | 9360 | 9365 | 9370 | 9375 | 9380 | 9385 | 9390 t 1 2 23 3 445 
87 9395 | 9400 | 9405 | 9410 | 9415 | 9420 | 9425 | 9430 | 9435 | 9440 [ 0 1 1 223 3 4 4 
88 9445 | 9450 | 9455 | 9460 | 9465 | 9469 | 9474 | 9479 | 9484 | 9489 | O 1 1 223 344 
89 9494 | 9499 | 9504 | 9509 | 9513 | 9518 | 9523 | 9528 | 9533 | 9538 | 0 1 1 2 2 3 344 
90 9542 | 9547 | 9552 | 9557 | 9562 | 9566 | 9571 | 9576 | 9581 | 9586 | O 1 1 223 34 4 
91 9590 | 9595 | 9600 | 9605 | 9609 | 9614 | 9619 | 9624 | 9628 | 9638 | O 1 1 223 3°94 4 
92 9638 | 9643 | 9647 | 9652 | 9657 | 9661 | 9666 | 9671 | 9675 | 9680 | 0 1 1 2 2 3 344 
93 9685 | 9689 | 9694 | 9699 | 9703 | 9708 | 9713 | 9717 | 9722 | 9727 | 0 1 1 223 34 4 
94 9731 | 9736 | 9741 | 9745 | 9750 | 9754 | 9759 | 9763 | 9768 | 9773 [| O 1 1 223 34 4 
95 9777 | 9782 | 9786 | 9791 | 9795 | 9800 | 9805 | 9809 | 9814 | 9818 | O 1 1 223 344 
96 9823 | 9827 | 9832 | 9836 | 9841 | 9845 | 9850 | 9854 | 9859 | 9863 | 0 1 1 223 344 
97 9868 | 9872 | 9877 | 9881 | 9886 | 9890 | 9894 | 9899 | 9903 | 9908 | 0 1 1 22 3 344 
98 9912 | 9917 | 9921 | 9926 | 9930 | 9934 | 9939 | 9943 | 9948 | 9952 | 0 1 1 223 344 
99 9956 | 9961 | 9965 | 9969 | 9974 | 9978 | 9983 | 9987 | 9991 | 9996 | O 1 1 2 2 3 334 
Y 








TABLE XXIL. SINES 





0.0070 , 0.0087 


0.0244 
0.0419 
0.0593 
0.0767 


0.0941 


0.0262 
0.0436 
0.0610 
0.0785 


0.0958 
0.1132 
0.1305 
0.1478 
0.1650 


0.1822 
0.1994 
0.2164 


COSI NES 


0.0105 
0.0279 
0.0454 
0.0628 
0.0802 


0.0976 
0.1149 
0.1323 
0.1495 
0.1668 


0.1840 
0.2011 
0.2181 





0.0819 


0.0993 
0.1167 
0.1340 
0.1513 
0.1685 


0.1857 
0.2028 
0.2198 





0.0872 


0.1045 
0.1219 
0.1392 


0.1736 


EXBEL ERES 
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0.3420 
0.3584 
0.3746 
0.3907 
0.4067 


0.4226 
0.4384 
0.4540 
0.4695 
0.4848 


0.5000 
0.5150 
0.5299 
0.5446 
0.5592 


0.5736 
0.5878 
0.6018 
0.6157 
0.6293 


0.6428 
0.6561 
0.6691 
0.6820 
0.6947 


0.3437 
0.3600 
0.3762 
0.3923 
0.4083 


0.4242 
0.4399 
0.4555 
0.4710 
0.4863 


0.5015 
0.5165 
0.5314 
0.5461 
0.5606 


0.5750 
0.5892 
0.6032 
0.6170 
0.6307 


0.6441 
0.6574 
0.6704 
0.6833 
0.6959 


0.3453 
0.3616 
0.3778 
0.3939 
0.4099 


0.4258 
0.4415 
0.4571 
0.4726 
0.4879 


0.5030 
0.5180 
0.5329 
0.5476 
0.5621 


0.5764 
0.5906 
0.6046 
0.6184 
0.6320 


0.6455 
0.6587 
0.6717 
0.6845 
0.6972 


0.3469 
0.3633 
0.3795 
0.3955 
0.4115 


0.4274 
0.4431 
0.4586 
0.4741 
0.4894 


0.5045 
0.5195 
0.5344 
0.5490 
0.5635 


0.5779 
0.5920 
0.6060 
0.6198 
0.6334 


0.6468 
0.6600 
0.6730 
0.6858 
0.6984 


0.3486 
0.3649 
0.3811 
0.3971 
0.4131 


0.4289 
0.4446 
0.4602 
0.4756 
0.4909 


060 
210 


sees 


0.6347 


0.6481 
0.6613 
0.6743 
0.6871 
0.6997 





0.3502 
0.3665 
0.3827 
0.3987 
0.4147 


0.4305 
0.4462 
0.4617 
0.4772 
0.4924 


0.5075 
0.5225 
0.5373 
0.5519 
0.5664 


0.5807 
0.5948 
0.6088 
0.6225 
0.6361 


0.6494 
0.6626 
0.6756 
0.6884 
0.7009 


0.3518 
0.3681 
0.3843 
0.4003 
0.4163 


0.4321 
0.4478 
0.4633 
0.4787 
0.4939 


0.5090 
0.5240 
0.5388 
0.5534 


| 0.5678 


0.5821 
0.5962 
0.6101 
0.6239 
0.6374 


0.6508 
0.6639 
0.6769 
0.6896 
0.7022 














Table XXII (continued) 





42 48° 54" | 60° 
0.3535 | 0.3551) 0.3567 | 0.3584 69 
0.3697 | 0.3714] 0.3730 | 0.3746 68 
0.3859] 0.3875] 0.3891 | 0.3907 67 
0.4019| 0.4035| 0.4051 | 0.4067 66 
0.4179| 0.4195| 0.4210 | 0.4226 65 
0.4337 | 0.4352 | 0.4368 | 0.4384 64 
0.4493 | 0.4509 | 0.4524 | 0.4540 63 
0.4648 | 0.4664 | 0.4679 | 0.4695 62 
0.4802 | 0.4818] 0.4833 | 0.4848 6l 
0.4955 | 0.4970} 0.4985 | 0.5000 60 
0.5105} 0.5120} 0.5135 | 0.5150 59 
0.5255 | 0.5270] 0.5284 | 0.5299 58 
0.5402| 0.5417] 0.5432 | 0.5446 57 
0.5548} 0.5563} 0.5877 | 0.5592 56 
0.5693] 0.5707} 0.5721 | 0.5736 55 
0.5835) 0.5850} 0.5864 | 0.5878 54 
0.5976 | 0.5990| 0.6004 | 0.6018 53 
0.6115} 0.6129) 0.6143 | 0.6157 52 
0.6252! 0.6266] 0.6280 | 0.6293 51 
0.6388} 0.6401} 0.6414 | 0.6428 50 
0.6521 | 0.6534] 0.6547 | 0.6561 49 
0.6652] 0.6665] 0.6678 | 0.6691 48 
0.6782; 0.6794] 0.6807 | 0.6820 47 
0.6909] 0.6921) 0.6934 | 0.6947 46 
0.7034 | 0.7046] 0.7059 | 0.7071 45 


0.7071 
0.7193 
0.7314 
0.7431 
0.7547 


0.7660 
0.7771 
0.7880 
0.7986 
0.8090 


0.8192 
0.8387 
0.8480 
0.8572 


0.8660 
0.8746 
0.8829 
0.8910 
0.8988 


0.9063 
0.9135 
0.9205 
0.9272 
0.9336 


0.7083 
0.7206 
0.7325 
0.7443 
0.7559 


0.7672 
0.7782 
0.7891 
0.7997 
0.8100 


0.8202 
0.8300 
0.8396 
0.8490 
0.8581 


0.8669 
0.8755 
0.8838 
0.8918 
0.8996 


0.9070 
0.9143 
0.9212 
0.9278 
0.9342 


0.7096 
0.7218 
0.7337 
0.7455 
0.7570 


0.7683 
0.7793 


0.8211 


0.8499 
0.8590 


0.8678 
0.8763 
0.8846 
0.8926 


0.9003 


0.9078 
0.9150 
0.9219 
0.9285 
0.9348 


0.9354 


0.7120 
0.7242 
0.7361 
0.7478 
0.7593 


0.7705 
0.7815 
0.7923 
0.8028 
0.8131 


0.8231 
0.8329 
0.8425 
0.8517 
0.8607 


0.8695 
0.8780 
0.8862 
0.8942 
0.9018 


0.9092 
0.9164 
0.9232 
0.9298 
0.9361 


0.7133 
0.7254 
0.7373 
0.7490 
0.7604 


0.7716 
0.7826 
0.7934 
0.8039 
0.8141 


0.8241 
0.8339 
0.8434 
0.8526 
0.8616 


0.8704 
0.8788 
0.8870 
0.8949 
0.9026 


0.9100 
0.9171 
0.9239 
0.9304 
0.9367 


COSINES 


0.7169 
0.7290 
0.7408 
0.7524 
0.7638 


0.7749 
0.7859 
0.7965 
0.8070 
0.8171 


0.8271 
0.8368 
0.8462 
0.8554 
0.8643 


0.8729 
0.8813 
0.8894 
0.8973 
0.9048 


0.9121 
0.9191 
0.9259 
0,9323 
0.9385 


0.7181 
0.7302 
0.7420 
0.7536 
0.7649 


0.7760 
0.7869 
0.7976 
0.8080 
0.8181 


0.8281 
0.8377 
0.8471 
0.8563 
0.8652 


0.8738 
0.8821 
0.8902 
0.8980 
0.9056 


0.9128 
0.9198 
0.9265 
0.9330 
0.9391 
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Table XXII (concluded) 








70 0.9397 | 0.9403 | 0.9409 | 0.9415 | 0.9421 | 0.9426 | 0.9433 | 0.9438| 0.9444| 0.9449 | 0.9455 19 
71 0.9455 | 0.9461 | 0.9466 | 0.9472 | 0.9478 | 0.9483 | 0.9489| 0.9494| 0.9500| 0.9505 | 0.9511 18 
72 0.9511 | 0.9516 | 0.9521 | 0.9527 | 0.9532 | 0.9537 | 0.9542] 0.9548 | 0.9553| 0.9558 | 0.9563 17 
73 0.9563 | 0.9568 | 0.9573 | 0.9578 | 0.9583 | 0.9588 | 0.9593| 0.9598| 0.9603| 0.9608 | 0.9613 16 
74 0.9613 | 0.9617 | 0.9622 | 0.9627 | 0.9632 | 0.9636 | 0.9641| 0.9646 | 0.9650| 0.9655 | 0.9659 15 
75 0.9659 | 0.9664 | 0.9668 | 0.9673 | 0.9677 | 0.9681 | 0.9686} 0.9690] 0.9694] 0.9699 | 0.9703 14 
76 0.9703 | 0.9707 | 0.9711 | 0.9715 | 0.9720 | 0.9724 | 0.9728| 0.9732| 0.9736| 0.9740 | 0.9744 13 
77 0.9744 | 0.9748 | 0.9751 | 0.9755 | 0.9759 | 0.9763 | 0.9767 | 0.9770| 0.9774| 0.9778 | 0.9781 12 
78 0.9781 | 0.9785 | 0.9789 | 0.9792 | 0.9796 | 0.9799 | 0.9803| 0.9806| 0.9810| 0.9813 | 0.9816 11 
79 0.9816 | 0.9820 | 0.9823 | 0.9826 | 0.9829 | 0.9833 | 0.9836| 0.9839| 0.9842| 0.9845 | 0.9848 10 
80 0.9848 | 0.9851 | 0.9854 | 0.9857 | 0.9860 | 0.9863 | 0.9866 | 0.9869 | 0.9871} 0.9874 | 0.9877 9 
8l 0.9877 | 0.9880 | 0.9882 | 0.9885 | 0.9888 | 0.9890 | 0.9893| 0.9895| 0.9898| 0.9900 | 0.9903 8 
82 0.9903 | 0.9905 | 0.9907 | 0.9910 } 0.9912 | 0.9914 | 0.9917] 0.9919| 0.9921} 0.9923 | 0.9925 7 
83 0.9925 | 0.9928 | 0.9930 | 0.9932 | 0.9934 | 0.9936 | 0.9938] 0.9940; 0.9942] 0.9943 | 0.9945 6 
84 0.9945 | 0.9947 | 0.9949 | 0.9951 | 0.9952 | 0.9954 | 0.9956! 0.9957! 0.9959) 0.9960 | 0.9962 5 
85 0.9962 | 0.9963 | 0.9965 | 0.9966 | 0.9968 | 0.9969 | 0.9971] 0.9972] 0.9973} 0.9974 0.9976 4 
86 0.9976 | 0.9977 | 0.9978 | 0.9979 | 0.9980 | 0.9981 | 0.9982| 0.9983| 0.9984 | 0.9985 | 0.9986 3 
87 0.9986 | 0.9987 | 0.9988 | 0.9989 | 0.9990 | 0.9990 | 0.9991 | 0.9992] 0.9993| 0.9993 | 0.9994 2 
88 0.9994 | 0.9995 | 0.9995 | 0.9996 | 0.9996 | 0.9997 | 0.9997| 0.9997 | 0.9998} 0.9998 | 0.9998 l 
89 0.9998 | 0.9999 | 0.9999 | 0.9999 | 0.9999 | 1.0000 | 1.0000} 1.0000] 1.0000} 1.0000 | 1.0000 0 
a a aa a 
60° | 54’ 48” | 42’ | 36” | 30° | 24° | 18’ | 12° | 6’ | 0 | Degrees 
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20’ 
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COTANGENTS 


i w 
TANGENTS Table XXIII (continued) = 





20 0.3640 | 0.3673 | 0.3706 | 0.3739 | 0.3772 | 0.3805 | 0.3839 | 3 7 10 13 17 69 
21 0.3839 | 0.3872 | 0.3906 | 0.3939 | 0.3973 | 0.4006 | 0.4040 | 3 7 10 13 17 68 
22 0.4040 | 0.4074 | 0.4108 | 0.4142 | 0.4176 | 0.4210 | 0.4245 | 3 7 10 14 17 67 
23 0.4245 | 0.4279 | 0.4314 | 0.4348 | 0.4383 | 0.4417 | 0.4452 [| 3 7 10 14 17 66 
24 0.4452 | 0.4487 | 0.4522 | 0.4557 | 0.4592 | 0.4628 | 0.4663 | 4 7 10 14 18 65 
25 0.4663 | 0.4899 | 0.4734 | 0.4770 | 0.4806 | 0.4841 | 0.4877 | 4 7 11 14 18 64 
26 0.4877 | 0.4913 | 0.4950 | 0.4986 | 0.5022 | 0.5059 | 0.5095 | 4 7 11 15 18 63 
27 0.5095 | 0.5132 | 0.5169 | 0.5206 | 0.5243 | 0.5280 | 0.5317 [| 4 7 11 15 18 62 
28 0.5317 | 0.5354 | 0.5392 | 0.5430 | 0.5467 | 0.5505 | 0.5543 [| 4 8 11 15 19 61 
29 0.5543 | 0.5581 | 0.5619 | 0.5658 | 0.5696 | 0.5735 | 0.5774 | 4 8 12 15 19 60 
30 0.5774 | 0.5812 | 0.5851 | 0.5890 | 0.5930 | 0.5969 | 0.6009 [| 4 8 12 16 20 59 
31 0.6009 | 0.6048 | 0.6088 | 0.6128 | 0.6168 | 0.6208 | 0.6249 | 4 8 12 16 20 58 
32 0.6249 | 0.6289 | 0.6330 | 0.6371 | 0.6412 | 0.6453 | 0.6494 | 4 8 12 16 20 57 
33 0.6494 | 0.6536 | 0.6577 | 0.6619 | 0.6661 | 0.6703 | 0.6745 [| 4 8 13 17 21 56 
34, 0.6745 | 0.6787 | 0.6830 | 0.6873 | 0.6916 | 0.6959 | 0.7002 f 4 9 13 17 21 55 
35 0.7002 | 0.7046 | 0.7089 | 0.7133 | 0.7177 | 0.7221 | 0.7265 [| 4 9 13 18 22 54 
36 0.7265 | 0.7310 | 0.7355 | 0.7400 | 0.7445 | 0.7490 | 0.7536 | 5 9 14 18 23 53 
37 0.7536 | 0.7581 | 0.7627 | 0.7673 | 0.7720 | 0.7766 | 0.7813 | 5 9 14 18 23 52 
38 0.7813 | 0.7860 | 0.7907 | 0.7954 | 0.8002 | 0.8050 | 0.8098 | 5 10 14 19 24 51 
39 0.8098 | 0.8146 | 0.8195 | 0.8243 | 0.8292 | 0.8342 | 0.8391 5 10 15 20 24 50 
4 0.8391 | 0.8441 | 0.8491 | 0.8541 | 0.8591 | 0.8642 | 0.8693 [| 5 10 15 20 25 49 
41 0.8693 | 0.8744 | 0.8796 | 0.8847 | 0.8899 | 0.8952 | 0.9004 | 5 10 16 21 26 48 
42 0.9004 | 0.9057 | 0.9110 | 0.9163 | 0.9217 | 0.9271 | 0.9325 | 5 11 16 21 27 47 
43 0.9325 | 0.9280 | 0.9435 | 0.9490 | 0.9545 | 0.9601 | 0.9657 | 6 11 17 22 28 46 
44 0.9657 | 0.9713 | 0.9770 | 0.9827 | 0.9884 | 0.9942 | 1.0000 | 6 1 17 32 29 45 
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7439 
.8166 
.8942 
1.9769 
2.0657 
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2.1611 
2.2640 
2.3752 
2.4963 
2.6282 
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.0117 
.0477 


.1237 
.1640 


1.2059 
1.2497 
1.2954 
1.3432 
1.3933 


1.4460 
1.5012 
1.5597 
1.6213 
1.6865 


. 7556 
.8291 
.9074 
1.9912 
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2.1776 
2.2818 
2.3946 
2.5172 
2.6511 
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.0176 
1.0528 
1.0913 
1. 

1.1708 


1303 


2131 
.2572 
-3032 
.3514 
.4019 


.4550 
.5108 
.5697 
.6319 
.6977 


.7675 
.8418 
.9210 


2.0057 
2.0965 


2.1943 
2.2998 
2.4142 
2.5386 
2.6746 
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.0237 


.0976 
. 1369 
.1778 


.2203 
.2647 
.3110 
.3597 
1.4105 


o o pee 


.4641 
.5204 
.5797 
.6426 
. 7090 
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.7795 
8546 


.9347 
2.0203 
2.1123 


2.2113 
2.3183 
2.2421 
2.5604 
2.6984 
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.7917 
.8676 
.9485 
2.0352 
2.1282 
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2.2285 
2.3369 
2.4544 
2.5825 
2.7226 
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COTANGENTS 





1.0355 6 
1.0724 6 
1.1106 6 
1.1504 7 
1.1918 7 
1.2349 7 
1.2799 8 
1.3270 8 
1.3764 8 
1.4281 9 
1.4826 9 
1.5399 || 10 
1.6003 [| 10 
1.6643 | 11 
1.7311 | 11 
1.8040 | 12 
1.8807 | 13 
1.9626 |} 14 
2.0503 [| 15 
2.1445 | 16 
2.2460 || 17 
2.3559 | 18 
2.4751 || 20 
2.6051 | 22 
2.7475 | 24 


30 
31 
32 


34 


36 
38 
39 


43 


45 
48 


53 


| 64 


73 


92 


108 
118 





Degrees 


Gl 


TANGENTS Table XXII] (concluded) 





70 2.7475 | 2.7729 | 2.7981 | 2.8239 | 2.8501 | 2.8768 | 2.9042 || 26 25 78 104 | 130 19 
71 2.9042 | 2.9323 | 2.9602| 2.9887 | 3.0176 | 3.0473 | 3.0777 || 29 58 87 115 | 144 18 
72 3.0777 | 3.1080 | 3.1398| 3.1716 | 3.2039 | 3.2369 | 3.2709 | 32 64 96 129 | 161 17 
73 3.2709 | 3.3058 | 3.3404| 3.3759 | 3.4121 | 3.4492 | 3.4874 | 36 72 | 108 144 | 180 16 
74 3.4874 | 3.5267 | 3.5658 | 3.6059 | 3.6467 | 3.6888 | 3.7321 | 41 82 | 122 162 ¡ 203 15 


75 3.7321 | 3.7769 | 3.8219| 3.8667 | 3.9133 | 3.9614 | 4.0108 | 46.| 94 | 139 186 ¡ 232 14 
76 4.0108 | 4.0622 | 4.1129] 4.1653 | 4.2190 | 4.2742 | 4.3315 |] 53 | 107 | 160 | 214 | 267 13 
77 4.3315 | 4.391 4.4497 | 4.5107 | 4.5731 | 4.6376 | 4.7046 | 62 | 124 | 186 | 248 | 310 12 
78 4.7046 | 4.7745 | 4.8434| 4,9152 | 4.9886 | 5.0650 | 5.1446 | 73 | 146 | 219 292 | 365 11 
79 5.1446 | 5.2279 | 5.3099} 5.3955 | 5.4836 | 5.5753 | 5.6713 [| 87 | 175 | 262 350 | 437 10 


80 5.671 5.769 5.871 | 5.976 | 6.084 | 6.197 | 6.314 9 
81 6.314 6.435 6.561 | 6.691 | 6.827 | 6.968 | 7.115 8 
82 7.115 7.269 7.429 | 7.596 | 7.770 | 7.953 | 8.144 7 
83 8.144 8.345 8.556 | 8.777 | 9.010 | 9.255 | 9.514 6 
Bf 9.514 9.788 |10.078 [10.385 |10.712 |11.059 |11.430 5 
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